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1.0 INTRODUCTION 

This report completes the effort performed under a NASA contract entitled "Devel- 
opment of Design, Qualification, Screening, and Application Requirements for 
Plastic Encapsulated Solid-State Devices for Space Equipment" (NAS8-33079) for 
NASA/Marshall Space Flight Center. The objectives of the overall program were 
to: 

0 Define possible controls and documentation for successful utilization 
of plastic encapsulated solid-state devices in selected space 
appl i cations. 

The specific objectives of the effort covered by this report were to: 

0 Determine the effectiveness and cost of selected screens as applied to 
linear circuits, CMOS circuits, bipolar circuits and transistors. 

0 Identify test procedures and performance or design weaknesses of spec- 
ific plastic encapsulated semiconductor devices. 

0 Identify uie effects of various operating temperatures on the overall 
performance of plastic encapsulated solid-state devices. 

0 Obtain screening data on selected devices to augment the data previ- 
ously gathered from industry users of plastic encapsulated semiconduc- 
tors. 

Test data were collected on 1035 plastic encapsulated devices and 75 hermetically 
sealed control group devices that were purchased from each of 5 different manu- 
facturers (7 groups of parts) in the categories of 

0 Low power Schottky TTL (bipolar) digital circuits 
0 CMOS digital circuits 

0 Operational Amplifier linear circuits 

0 NPN Transistors 

These parts were subjected to three different initial screening conditions, and 
then subjected to extended life testing, to determine any possible advantages or 
trends for any particular screen. In addition, several special tests were 
carried out in areas of flammability testing, humidity testing, high pressure 
steam (autoclave) testing and high temperature storage testing. 

This report covers the latter portion of the effort on Contract NAS8-33079. The 
first portion of the' effort (described in Boeing Docianent D180-25325-1) was 
concerned with a survey of the field usage failure rates of plastic encapsulated 
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semiconductors and led to the determination that an experimental screening pro- 
gram was necessary to validate the survey findings. In addition, a previous 
contract was performed by Boeing for NASA that addressed the same type of ques- 
tions from the standpoint of a wide range of alternative environmental stress 
tests. Table 1-1 suniuarizes the relationships of the relevant contracts. 

Section 2 of the report is an executive sutnnary of the program findings. Section 
3 summarizes the initial screening program and the test approach, and Section 4 
summarizes the results of the life test program and of the special tests. 

Section 5 treats procurement and application considerations for use of plastic 
encapsulated semiconductors, and Section 6 summarizes che >"ecommendations re- 
sulting from the program. 

Appendix A contains a statistical analysis program that was written to analyze 
the log-normal distributions resulting from the life testing. Appendix B con- 
tains the data printouts resulting from operation of the statistical analysis 
program on the failure distribution data. Appendix C contains the detailed 
failure analysis results. 

With the publication of this document, the objectives of contract NAS8-33079 have 
been met. 
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2.0 EXECUTIVh SUMMARY 

2.1 PROGRAM APPROACH 

The program was conducted in four phases: 

0 Parts Procurement 

0 Initial Screening 

0 Life Testing 

0 Special Screening 

Parts were procured in accordance with the following table 


Basic Part Type 

Manufacturer 

Quantity Plastic 

Quantity Hermetic 


74LS194 m Bipolar 

A 

1035 

75 

i* 

4069 CMOS 

B 

1035 

75 

I. 

4069 CMOS 

C 

1035 

75 

1 

’) 

741 Linear 

B 

1035 

75 

1. 

741 Linear 

D 

1035 

75 

t 

2N2222 Transistor 

B 

1035 

75 


2N2222 Transistor 

E 

1035 

75 



j 


Each group of 1035 plastic encapsulated parts and 75 hermetic parts was then 
subjected to three different types of initial screening representative of possi- 
ble low cost screens that were identified in the Phase 1 program as applicable to 
plastic encapsulated semiconductors. See Figure 2-1. A total of 225 of the 
plastic encapsulated survivors from each screen (plus 15 of the hermetic survi- 
vors) were then separated into three life test groups of 75/5 each and subjected 
to life testing for 4000 hours with intermediate measurements made at logarithmic 
time intervals. Failure analysis was conducted on selected examples of failed 
parts. Finally, special tests were conducted on small samples of parts which had 
passed the initial screens. These special tests included 
0 Flammability tests 

0 Humidity cycling 

0 Autoclave (high pressure steam) 

0 High temperature storage 
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Figure 2-1 TEST PROGRAM rARTS FLOW SUMMARY FOR EACH PART TYPE 
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The test program was organized into initial screening followed by life testing to 
determine if there was a set of screening conditions that would result in an 
improvement in the usage-life reliability of plastic encapsulated semiconduc- 
tors. The life test temperatures were chosen to be 40°C, 70°C and 125°C. In the 
previous contract performed for NASA, it was found that above 150°C there occur- 
red serious disruptions of the plastic encapsulant that would not be typical of 
extended operation at any normal temperature, hence the upper life test tempera- 
ture for this program was limited to 125°C. This also is the normal burn-in 
temperature for JAN-qualif ied hermetic semiconductors. The 70°C life test was 
chosen because this is the maximum rated operating temper for most plastic 
encapsulated semiconductors. The 40°C life test temperature was chosen because 
of the concern that at lower temperatures any imbedded water content in the 
plastic encapsulant might not be driven off with the result that failures at 40®C 
might be more prevalent than at higher temperatures. 

2.2 SUIWARY OF RESULTS 

The results of both the screening program and the life test program were highly 
inconsistent in the area of screening tests versus resultant reliability and in 
the area of life test temperature versus median time to failure. There was no 
consistent indication of any one screen co''dition being superior in weeding out 
potentially defective devices. There was no consistent indication of there being 
an activation energy for the Arrhenius plots that coulJ be used to make thermal 
extrapolations of median time to failure. And there was no indication that life 
testing at any one temperature was better than at any other teinperature. 

As can be seen in Table 2-1, six out of the seven part types suffered large 
numbers of screening and/or life test failures. Only the Manufacturer A TTL 
(bipolar) 74LS194 device type performed well. It can also be noted that each of 
the three Manufacturer B pa»'t types tested showed more failures than did the 
alternative manufacturer's parts. Therefore with the possible exception of 
bipolar TTL-type devices for JAN Class (type applications), the use of plastic 
encapsulated semiconductors Is not recommended for use in NASA programs, as 
stimiarized in the program conclusions. Section 2.3. 


7 


D180-26784-1 


Table 2-1 SUMMARY OF SCREENING AND LIFE TEST FAILURES 

Screening Failures 
(1035 Parts Each) 


Part Type 

Mfr A 

Mfr B Mfr C 

Mfr D 

Mfr E 

74LS194 

4069 

741 

2N2222 

15 

86 35 

401 
133 

81 

84 



Life Test Failures 
(675 Parts Each) 



Part Type 

Mfr A 

Mfr. 8 Mfr C 

Mfr 0 

Mfr E 

74LS194 

4069 

741 

2N222’ 

9 

416 101 

310* 

115 

71 

84 

♦Started with only 450 parts 

because 125°C burn-in screen 

parts all 

failed. 
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2.2.1 Test Result Observations 

Several significant *.bservations resulted fron the test program that cut across 
the lines of device type. 

2. 2. 1.1 Screen Test Failures — It was observed that the initial screening did not 
produce the results that had been expected, f ,st of the screening failures were 
detected at the time of pre-burn-in electrical testing at 25®C and 100°C. No 
failure analysis was performed on screening fai''ures. Only three parts failed at 
electrical measurement after burn-in (this is out of 5180 total parts subjected 
to burn-in screening.) Thus not only did post-burn-in double electrical post- 
burn- in measurement fail to have significant results, even single electrical 
measurement did not have any effect on screening yield. Since very few parts 
failed at electrical measurement after burn-in and few failed during the burn-in, 
the subsequent life testing findings were Influenced. That is, because few parts 
were removed from the test parts as a result of burn-in, there could not be a 
strong impact of the use or non-use of burn-in on the subsequent life test cells. 
This seems to have been borne out by the life test results discussed below. 

Tables 2-2 and 2-3 present the same life test failure data from cwo viewpoints: 
influence of previous screening, and influence of life test temperature. These 
data are described in detail in Section 4.3. 

2. 2. 1.2 Influence of Burn- in Screening on Life Test Failures — Table 2-2 sunmiar- 

izes the results of the life tests as a function of the burn-in screen that was 
applied to the parts prior to life testing. U car. be seen that in only one case 
was there a significantly worse life test performance for the parts that had no^ 
bean burned-in: The Manufacturer B part type 4C69. In all the other cases, the 

nunber of failures for the non-burn-in case was less than or equivalent to the 
number of failures for the 75®C or 125°C burn-in. 

2.2. 1.3 In fluence of Life Test Temperature on Life Test Failures --Table 2-3 
suTinarizes the results of the life tests as a function of the temperature at 
which the life test was performed. Three anomalies are observed in this table. 
First, for the Manufacturer C part type 4069 parts, the number of life test 
failures at 40®C was significantly greater than the number of failures at 70®C. 
Second, for the Manufacturer 8 transistor 2N2222 :he 40°C failure quantity 


fy 
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TABLE 2-2 Sumnary of Life Test Failures vs Prior Burn-In 


Cumulative Failures — All Life Tests 
(225 Parts in Each Life Test; Group) 




Mfr A 
74LS194 

Mfr 8 
4069 

Mfr C 
4069 

Mfr B 
741 

Mfr j 
741 

Mfr B 
2N2222 

Mfr E 
2N2222 

No Burn-In 

( Scr 1 ) 

4 

151 

25 

85 

21 

42 

19 

Burn-In at 

70°C 

2 

144 

37 

221 

29 

32 

25 

(Scr 2) 

Burn-In at 

125°C 

3 

121 

39 

♦ 

21 

41 

40 

/ r • - '1 \ 

Total 


9 

416 

101 

306 

71 

115 

84 


♦Test aborted during initial 125*^C burn-in screening - parts began failing 
catastrophically - there were no survivors for life testing. 


TABLE 2-3 Summary of LiTe Test Failures vs Life Test Temperature 

Cumulative Failures — All Sc»'eens 
(225 Parts in Each Life Test Group) 





Mfr A 

Mfr B 

Mfr C 

Mfr B 

Mfr D 

Mfr B 

Mfr E 




74LS194 

4069 

4069 

741 

* 

741 

2N2222 

2N2222 

Life Test 

at 

o 

o 

o 

3 

8S 

27 

83 

19 

75 

31 

Life Test 

at 

o 

o 

o 

4 

146 

14 

87 

21 

23 

36 

Life T .1 

at 

1250c 

2 

181 

JO 

J36 

31 

17 

17 

Total 



9 

416 

IGl 

■>06 

71 

115 

34 


♦Screens 1 and 2 only - total of 150 p rts In group 
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significantly exceeded both the 70*^0 and 125*^C quantities* Finally, for the- 
Manufacturer E transistor 2N2222 the number of 40°C and 70°C failures was signi- 
ficantly greater than the number of 125°C failures. These results are quite 
unexpected and are not explainable based on traditional Arrhenius rate relation- 
ships of time and temper :ture. 

2. 2. 1.4 Arrhenius Curve Anomalies — As might be expected from Table 2-3, the 
Arrhenius curves of median time to failure (time for half the parts to fail under 
life test) plotted from the individual sets nf data fer each of the pre-screen 
conditions resulted in unusual curves. Figure 2-2 is an example of such a curve. 
This curve contradicts the usual Arrhenius relationship in which the longest 
median times to failure occur for the lowes.' tempe'-atures, A curve such as t! a 
Screen 3 curve is an anomaly that is unexplainable in terms of the time- 
temperature relationship of normal semiconductor failure mechanisms. 

2. 2. 1.5 Wearout Failures — For two of the part types, it was observed that the 
log-normal distributions deviated sharply from the low-signa curves (fvaak popu- 
lation) before the conclusion of the 4000 heurs of life tost. Both the 741 op 
amps and the 2N2222 transistors from Manufacturer B gave indication of this type 
of distribution which is indicative of the parts going into wearout. In the case 
of the 741 op amps, the devices exhibited catastrophic failures resulting in 
ignition of the epoxy encapsulant due to internally generated heat. This severe 
destructive failure made failure analysis im''ossible. One of the parts that 
failed at the threshold of the onset of wearout was subjected to failure analysis 
".0 search for the possible cause of the wearout failure mechanism. The original 
cause of failure was that the open loop gain and the offset voltage were margin- 
ally out 0 ^ limits. The part was baked at 150°C to see if it would recover. Upon 
retesting the part, it was found to be a catastrophic failure, meaning that the 
tester could not proceed past the first measurement because of a severe overrange 
condition. The part was dissected to search for the cause of the malfunction, 

but optical examination showed that there were no visible defects. Thus, the 
cause of the wear-cut failure mechanisms could not be determined. 
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Life Test Duration (Hours) 



20^^30 40 50 60 70 80 90 100 160 180 200 240 280 300 340 400 

TMip«ratur« - °C - (o^ Scale) 

Figure 2-2 

Arrhenius Curves Tor Median Time to Failure For Manufacturer 8 2N2222 
Transistor (4000 Hour Data Point Excluded) 
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2 . 2.2 Part Type Observations 

Several significant observations were made from analysis of the results fr'om 
individual part types. No effort was made to correlate the data from the 
hermetically sealed parts, since the quantities of these parts was so small, and 
they were included in the test program solely as a point of reference in case it 
was suspected that certain failures could have been caused by die-related causes 
rather than plastic-encapsulant-related causes. In general, very few hermetic 
parts failed at all. 

2. 2. 2.1 Manufacturer A Part Type 74LS194 — This TTL bipolar te'*hnology showed the 
fewest number of failures of any of the parts tested. It is felt that this is a 
mature, bulk silicon technology that is not influenced by surface parameters, 
with the result that the plastic encapsulation has little effect on the perform- 
ance of the parts. This is essentially the same conclusion that was derived from 
the earlier NASA contract in which accelerated life testing was performed on 
plastic encapsulated bipolar, linear and CMOS part types. The most significant 
finding for the 74LS194 part type was that the type of prior burn-in screen or 
the life test temperature did not seern to make any difference in the number of 
failures that occurred. 

2. 2. 2. 2 Manufacturer 8 Part Type 4069 (CMOS )--This part type experienced the 
largest number of failures of any of the parts tested and demonstrated very low 
median times to failure. While the log-normal distributions appeared to have 
fairly high values of sigma, they did not appear to be in wear out. Instead it 
appears that the parts are particularly sensitive to the presence of the plastic 
encapsulant and failed because of this sensitivity. Failure analys s of repre- 
sentative samples of the failed parts showed that the catastrophic failures all 
appeared to be caused by excessive current flowing out of the ground lead of the 
device, as if the internal leakages became excessive and the device went into 
thermal runaway. This is borne out by the fact that the non-catastrophic fail- 
ures exhibited out-of- limit power supply currents, indicative of the increase of 
Internal leakage currents perhaps caused by threshold voitage shifts in the 
series transistors. The non-catastrophic failures were baked out and the fail- 
ures went away, indicating that the failures were caused by surface effects, 
which is an indictment of the plastic encapsulant, since this failure mode was 
not observed in the hermetically sealed control parts. 
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2. 2. 2. 3 Manufacturer C Part Type 4069 (CMOS )— While the number of life test 

failures that occurred for this manufacturer's 4069 was considerably less than 
for the Manufacturer B equivalents, there was still a significant number of 
failures that occurred, particularly for the test cells. Most significant, 

however, was the finding that the median time to failure for the 40°C life test 
was significantly less than it was for the 70°C life test, resulting in another 
anomalous Arrhenius curve. This also was evident in the total number of part 
failures at 40°C being greater than at 70®C as discussed in paragraph 2.2. 1.2. 

2. 2. 2.4 Manufacturer B Op Amp 741 --This part type suffered from early wearout as 
described in 2. 2. 1.5. In fact, failure analysis showed that the failures that 
occurred prior to wearout were primarily caused by corrosion of the external 
device leads, and as such should not properly be called failures at all since 
after the external leads were cleaned the failed parts all retested OK. This 
makes the wearout failure mode all the more surprising. 

2. 2. 2. 5 Manufacturer D Cp Amp 741 --The only two anomalies that occurred for this 
part type were that the no-burn-in, 40°C life test cell showed significantly 
greater number of failures than did the 70°C and 125°C life test cells for no 
burn-in, and that the medi an-time-to-failure for the 125®C burn-in, 70°C life 
test cell showed an abnormally low median time to failure. The reasons for these 
anomalies are not known. Evan though the failure distributions were less unusual 
for this part type than for the Manufacturer B equivalent, the total number of 
failures was still markedly greater than it was for the bipolar TTL devices. 

2. 2. 2. 6 Manufacturer B Transistoi Type 2N2222 --The part type from Manufacturer B 
exhibited undesirable ea>"ly wearout as discussed above. This was the third part 
type of Manufacturer B tested, and results from all three part types showed 
unsatisfactory performance. 

2.2.2. Manufacturer E Transistor Type 2N222 2— Although the number of life test 
failures for this part type was relatively small. It was still significantly 
larger than was observed for the bipolar TTL digital part type from Manufacturer 
A. It appears from the failure analysis results that the failures were caused by 
surface channelling which results from the piesence of the plastic encapsulant. 
Plotting of the Arrhenius curves again showed anomalous results that discourage 
the application of the time- temperature rate relationship. 


14 



0180-26784-1 


PROGRAM CONCLUSIONS 

0 Plastic encapsulated semiconductors are profcrably not ccst effective 
for use in NASA programs because the cost of parts engineering and 
management added to the cost of minimal lOOX screening would offset any 
advantage of purchase price over comparable hermetically sealed parts. 

0 Serious reliability problems exist in the use of plastic encapsulated 
CMOS microcircuits, and these problems appear to be unscreenable. 

0 The linear microcircuits tested (741 op amps) appear to have serious 
reliability problems in the plastic encapsulated form, causing (for 
one manufacturer) catastrophic failures that ignited the epoxy. These 
devices are unsuitable for use in NASA applications. 

0 There are significant differences between manufacturers in their abil- 
ity to manufacture reliable semiconductors in plastic encapsulated 
form, with the consequence that any use of plastic encapsulated parts 
must be accompanied by an intensive parts engineering effort to assure 
the integrity of the parts. 

0 The f^iJings of the phase I program are contradicted by the accelerated 
life test results, particularly for CMOS, linear and transistor part 
types. Only for the bipolar TTL technology was there indication of 
availability of high Integrity product in plastic er apsulated form. 

0 Operation at 40°C in some cases appears to be more dele+ -ious to 
plast'. ~ encapsulated part^ than operation at higher temperatures. 

0 .ne time- temperature-dependent failure distribution characteristic of 
typical hermetically sealed semiconductors was not observed for the 
plastic encapsulated semiconductors, and the Arrhenius rata relation- 
ship does nyt aopear to be valid. Thus extrapolation of failure rate 
vet sus temperature would not be possible with plastic encapsulated 
sfT'i conductors. This seems to be caused by the Influence of the 
plastic encapsulant. 
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3.0 TEST PROGRAM DESCRIPTION 


3.1 SUMMARY OF TEST. APPROACH AND INTENT 

The objective of this test program was to determine the ef^activeness and cost of 
selected screens as applied to linear circuits, CMOS circuits, bipolar circuits, 
and transistors. This test program was intended to identify test procedures and 
perFormance/design weaknesses of specific plastic encapsulated semiconductor de- 
vices. It was an additional objective of this program to identify the effects of 
various operating temperatures on the overall performance of plastic encap- 
sulated solid-state devices. 

3.1.1 Investigation of Screening Effectiveness 

The first phase of this program, that of gathering actual field usage data on the 
in-service failure rates of plastic -encapsulated semiconductors, revealed that a 
test program was required to validate proposed screens for NASA plastic encap- 
sulated parts. Phase I of the program identified three potential screens that 
were candidates for NASA devices. These screens were developed by making the 
maximum use of data from government sponsored programs, manufacturers, and mil- 
itary and com.’ercial users. Figure 3-1 shows a sonriary of the flow of parts 
through the test program. 

Screen 1 was intended to represent the minimal test that could be performed on 
plastic encapsulated parts, and the emphasis in this screen was on the electrical 
measurement at 25®C and 100°C, without performing any type of burn-in. Screen 2 
was performed to represent nominal burn-in conditions coupled with temperature 
cycling found by device manufacturers to be effective. Screen 3 represented a 
maximal burn-in condition coupled with temperature cycling. Both screens 2 and 3 
incorporated double electrical testing following burn-in since this was found to 
be effective by some users of plastic encapsulated semiconductors in reducing the 
incidence of "parts that never worked." 

It was the intent of the screening program to subject the parts to these experi- 
mental screens and then determine the effectiveness of the three screens by 
subsequent life testing. 
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3.1.2 Life Testing To Verify Screening Effectiveness 

Extended life testing at accelerated stress temperatures was performed to deter- 
mine if any of the initial screens were effective in improving the reliability 
performance of plastic semiconductors. Figure 3-1 shows that the screened parts 
were separated into three separate life test groups to be life tested under 
military specification burn-in conditions for 4000 hours at 40°C, 70°C and 125°C. 
The intent was to cause enough failures to occur that log-normal distributions of 
failure could be plotted for each of the screening conditions and thereby a 
determination could be made of the validity of each of the screening conditions. 

3.1.3 Special Test Objectives 

Many users of plastic encapsulated semiconductors employ special destructive 
tests on qualification samples of parts to measure the relative integrity of the 
basic processes by which the parts are made and encapsulated. These tests 
generally consist of humidity tests and autoclave (or pressure cooker) tests. 

The results of such tests are used in a gross manner to determine if there are 
unusual problems in a specific group of parts. 

For this r<^ason, tests were performed on small samples of parts from each type. 
The tests included flannability, humidity, autoclave and high temperature stor- 
age. The high temperature storage tests were performed to determine if bake out 
of the parts prior to life testing could improve reliability by driving out 
latent water buried in the plastic encapsulant. 

3.2 PARTS PROCUREMENT 

The TTL, CMOS, Linear and Discrete Devices listed in Table 3-1 were procured in 
quantities of 1035 plastic encapsulated and 75 hermetic parts each. Hermetic 
parts were included in the life tests to determine if surface and die failures 
were common only in the plastic encapsulated parts or in both plastic and her- 
metic parts. 
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The choice of part types was made by NASA based on the results of the previous 
NASA screening contract. This prior contract indicated that while ITL devices 
showed good potential for meeting NASA performance requirements, CMOS and linear 
showed questionable or poor performance in accelerated stress testing. However, 
the Phase 1 portion of the present contract appeared to contradict these find- 
ings. showing Instead that there was no significant difference in field usage 
failure rate between bipolar and CMOS or linear SSI devices. Thus this second 
phase program was intended to validate the previous findings by stress testing 
performed on CMOS and linear microcircuits and on NPN transistors, as well as on 
the bipolar low power Schottky TTL technology devices. 

Table 3-1 Parts Procured 


BASIC TYPE 
74LS194 m 
4069 CMOS 
4069 CMOS 
741 LINEAR OP AMP 
741 LINEAR OP AMP 
2N2222 TRANSISTOR 
2N2222 TRANSISTOR 

3.3 INITIAL SCREENING 


MANUFACTURER 

A 

B 

C 

B 

0 

B 

E 


The 1035 plastic encapsulated parts and 75 hermetic parts of each type/manufac- 
turer were separated into three initial screening groups (#1, #2, and #3) of 345 
plastic encapsulated and 25 hermetic parts each. These three groups were sub- 
jected to the three Initial screening tests shown in Figure 3-2: no burn-in, 

burn-in at 70°C, and burn-in at 125°C in addition to electrical measurements at 
70°C and 100^. Two-hundred twenty-five of the plastic encapsulated parts and 15 
hermetic parts passing each screen were then subdivided into three subgroups (A, 
6, and C) of 75 plastic encapsulated parts and 5 hermetic parts from each of the 
initial screening flows. 
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-3 A I TCr TrcTC 

Figure 3-3 shows the organization of the life test cells. The life tests were 
performed at three different temperatures: 40°C, 70°C, and 125°C for 4000 hours. 
40°C was chosen because it was felt that this lower tenperature might not result 
in enough internal heat to drive off imbedded water and hence may result in 
excessive failures. 70®C was chosen because it is the manufacturers' temperature 
range upper limit, and 125°C was chosen because it is the MIL STD 883 temperature 
range upper limit. The burn-in and life test circuits used are shown in Figure 
3-4. Both burn-in and life tests were performed in the Boeing Part Test Labora- 
tory's Blue-M burn-in ovens. Since the purpose of the life test was to determine 
the effectiveness of the screens, determination of failure was on a Go/No-Go 
basis. Faileo parts were retested only to gather additional data as an aide in 
determining failure modes. The criteria for device failure were the DC and 
functional test requirements as defined by: 

0 MIL -M-38510/1 7401 for the CD4069 

0 MIL-M-38510/10101 for the 741 

0 NIL-M-38510/30601 for the 74LS194A 

0 MIL-S-19500/251 for the 2N2222 

Test measurements as defined by these specifications were modified as necessary 
for plastic encapsulated devices with prior approval from NASA/MSFC. A variety 
of test equipment was used to perform these measurements. The CD4069S were 
tested on a Teradyne J2 digital test system, the 74LS194As were tested on a 
Teriidyne J283/S157 digital test system, and the 2N2222S were tested on a Fair- 
child series 600 transistor/diode tester. These testers are located in the 
Boeing Part Test Laboratory. The 741 OP AMPS were tested on a Tektronix S3260 
test system with a linear microcircuit aoapter at the Boeing Radiation Effects 
Laboratory. 

3.5 DATA PROCESSING TECHNIQUES 

As shown in Figure 3-3 the parts undergoing life test were electrically tested at 
2, 8, 16, 64, 256, 1000, 2000, and 4000 hours. A log normal plot of percent 
failures versus log time was prepared for each part/life test/burn-in combina- 
tion. A linear regression program written for a Fluke 1720A Control ler/Computer 
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FIGURE 3-4A TYPICAL OPERATING LIFE TEST AND BURN-IN CIRCUIT FOR THE 74LS194 
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was used to test the validUy of data and extrapolate tne log normal plots to b0% 
failure in order to arrive at a median time to failure (MTTF) for each part/life 
test/burn-in combination. Aopendix A contains a complete description of this 
program. This program was modified to eliminate output of data not necessary to 
this application. The statistical algorithms were not modified. These computer 
generated JITTFs were then plotted against life test temperature to form an 
Arrhenius curve for each manufacturer/part type. 

3.6 SPECIAL TESTS 

3.6.1 Flammability 

Ten plastic encapsulated devices of each type/manufact jrer were subjected to 
flammability test as specified by MIL-ST0-202F method lllA. This entailed appli- 
cation of a 2 in. flame from a propane torch to each part for 15 seconds, with 
observations made of the numho" of seconds it took for the plastic to ignite and 
the number of seconds before the flame di^d out after removal of tne torch. 

3.6.2 Humidity 

Thirty plastic encapsulated devices of each type/manufacturer were subjected to 
1000 hours of biased (5V) operatiOii at 85®C ana 85% relative humidity. Electri- 
cal testing at 25°C was performed at 2, 8, 16, 64, 256, ard 1000 hours. 

3.5.3 Autoclave 

Thirty plastic encapsulated devices of each type/manufacturer were subjected to 
96 hours of biased (5V) operation at 120®C and 15 psig steam. Electrical testing 

at 25®C was performed at 1, 4, 16, 32, 64, and 96 hours. 

3.6.4 High Temperature Storage 

Late in the program, a small experiment was performed to investigate the possi- 
bility that life performance could be Improved by a pre-screen consisting of high 

temperature storage to drive out any latent water imbedded in the plastic encap- 

sulant. Three high temperature storage cells were established for both the 
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Manufacturer 8 and C CMOS 4069 parts with 40 parts in each rell, The high 
temperature storage ceils were as follows: 

Screen #4 125 hours storage at 125°C 

Screen #5 125 hours storage at 175°C 

Screen #6 50 hours storage at 125*^0 

A total of 120 Manufacturer B CMOS 4069 parts and 120 Manufacturer C 4069 CMOS 
parts were screened and then subjected to life testing under biased conditions 
for 1000 hours at 40°C with electrical measurements after 4, 16, 64, 256 and lOnJ 
hours . 


3.7 FAILURE ANALYSIS 

3.7.1 Selection of Failure Analysis Samples 

Due to the large quantities of failed parts, it was not feasible to perform 
failure analysis on each failure. For this reason the failure data For each 
failed part was examined in an effort to categorize failure mode by the exhibited 
symptoms. Efforts were made to ensure that selected parts represented a cross 
section of all life test/screen combinations. In this manner out of over 1100 
failed parts 75 were selected for failure analysis. 

3.7.2 Failure Analysis Techniques 

3. 7.2.1 Initial Analyses --The basic steps followed prior to dissection of the 
parts were as follows: 

1. The environment histories of the parts were studied to enable understanding 
of the various possible causes of failure. 

2. The parts were electrically tested to verify the failure. This Involved 
either bench testing or automatic testing of the parts, sometimes requiring 
environments comparable to those at which they failed, checking all signif- 
icant parameters to ensure results similar to original test failures. Fol- 
lowing confirmation of failures, careful pin to pin curve tracer measure- 
ments were made to localize or characterize the faults. 
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3. Thorough exterior examinations, aided by lalcroscopes, were Lunducled to 
preclude the possibility of external faults causing failure. 

4. When channeling was suspected (as a product of the electrical characteriza- 
tion), the technique applied was high temperature storage of varying times 
and temperatures (up to 22 hours at 175°C, and up to 300 hours at 150°C) 
followed by electrical testing. If self repair was evident following high 
temperature sto»”age, channeling was infe'^red as the cause of failure. 

3. 7.2.2 Dissection Techniques --The dissection technique most frt«^uently employ- 
ed involved using emory paper sanding drums (i/2 inch diameter) to grind away an 
area directly above the die to a depth such that the leads were not disturbed. A 
frame was soldered to the external leads to provide a solid holder and the entire 
assembly was dipped for about 30 seconds in hot nitric acid (a 90X solution). 

For resin coated dice a flve-sacond exposure to nitric acid and a 30-second 
exposure to hot sulfuric add was used. The acid removed the epoxy evenly at all 
points, but exposed the die before totally exposing the lead frame. For both 
nitric and sulfuric acids, only acetone was employed as a rinse, since water 
would have caused excessive metallization damage. Another dissection technique 
infrequently employed was to use an acid resistant cement to coat the leads and 
package (except di’"ectly above the die) prior to acid exposire. Although these 
techniques worked well to expose the die and leads, entire renoval of epoxy 
without damaging the die or lead frame was sometimes difficult if nut imporsible. 
This was particularly true of devices which for various reasons had shorted 
Junctions or burned metallizations. In most cases though, epoxy removal was 
sufficient to enable identification of failure causes. 

Following dissection of the parts, autopsy efforts proceeded using standard 
techniques such as visual inspection, micro-manipulator probing, and SEM examin- 
ations. Bond pulling, die shearing, metallurgical sectioning, and other de- 
structive tests were performed as needed to provide supplemental information. 
Failure causes were identified and documented, and succeeding failures were 
analyzed to the point required to provide a high degree of confidence that the 
same failure cause as previously documented was repeated. 
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TEST RESULTS 


4.1 SUMMARY OF RESULTS 

Performance of the test program was accomplished in three separate phases, each 
of which resulted in significant findings. These phases were: 

0 Initial screening 

0 Life testing 

0 Special tests 

4.1.1 Sumnary of Initial Screening Results 

Yields achieved in the initial screening ranged from 99X for the Manufacturer A 
bipolar 74LS194 microcircuits in che screen 2 group, to 56X for the Manufacturer 
B type 2N2222 transistors in the Screen 2 group. The use or non-use of burn-in 
turned out to be not significant, b’^cau e the majority of screening failures 
occurred at the electrical measurements preceding burn-in, although there were 
some failures that occurred while the parts were actually under power in the 
burn-in ovens. 

The important point is that there were no clear trends in the screening program 
which would point to any one screen as an important factor in the reliability 
assurance of plastic encapsulated semiconductors. Probably the most significant 
finding was that the double electrical screen espoused by some of ti.e users of 
plastic encapsulated semiconductors turned out to be effective before burn-in 
(considering that measurement at 25°C and iOO°C constitutes double electrical 
screening) but turned up only three part failures for just one part type when 
applied after burn-in. Thus the most effective screening practice apparent from 
the initial screening program was ♦’he use of electrical measurement at two 
temperatures: 25®C and 100®C. Burn-in did not seem to be a particularly effec- 
tive screen, and burn-1i at 125®C was particularly damaging to the Manufacturer B 
type 741 op amps, causing the entire group of 345 parts to fail catastrophically. 
The cost trade-off study performed on various screening options showed that if 
plastic encaiisulated semiconductors were subjected to the three screens used on 
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this program their cost would exceed the cost of JAN Class 8 hermetically scaled 
devices. See Section 4.2.2 for the detailed analysis. 

4.1.2 Simmary of Life Testiny Results 

Several significant findings resulted from the life test experiment. First, it 
was observed that there was no particular consistent improvement in life test 
reliability as a result of any one initial screen that was previously applied to 
the parts. This was particularly manifested by the fact that consistent Arrhen- 
ius curves could not be plotted for any of the part types. Instead it appeared 
that no matter what the previous screen had been, the log-normal failure distri- 
butions had completely independent median times to failure at each of the three 
life test temperatures of 40°C, 70^C and 125°C. 

This inconsistency in the Arrhenius curves prevented any meaningful determin- 
ation of the activation energies of the plastic encapsulated semiconductors 
tested, and tends to indicate that the failure mechanisms of plastic encapsulated 
semiconductors are unscreenable using accelerated temperature tests. 

A second important observation was made for the Manufacturer B type 741 op amps, 
which appeared to demonstrate wearout failures in relatively short test times, 
even for the parts that were life tested at 40°C. This particular group of parts 
exhibited early catastrophic failures during the initial screening at 125°C 
burn-in, and thus it is not surprising that the poor performance of this part 
type as a whole carried over into the life testing. For this manufacturer, there 
appears to be a combinational effect between the linear microcircuit structure 
and the plastic encapsulant that induces early failure under the conditions of 
life testing or burn-in with bias voltage applied. 

A final observation of interest is that for some of the pirt types I’he 40°C life 
test appeared to cause the largest number of failures. This is su sing 
because of the generally accepted belief that semiconductor failures are time 
temperature dependent. Apparently, for plastic encapsulated semiconductors, 
this time-temperature dependence is modulated by other failure mechanisms 
derived from the plastic encapsulant, such that the normal time- temperature 
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Arrhenius rate relationships are no longer valid. The impact of this result is 
that accelerated temperature stress screening (such as burn-in) which is predi- 
cated on this time-temperature dependence becomes invalid as a "seful screen for 
plastic encapsulated semiconductors that behave in the manner observed on this 
program. 

4.1.3 Summary of Special Test Results 

4. 1.3.1 Flammability — Although all of the part types could be made to ignite by 

application of the propane torch for 15 seconds, the duration of the flames after 
removal of the torch was quite variable from device type to device type. Most 
surprising was the observation that the Manufacturer B plastic encapsulant was 
the best at self-extinguishing the flame after removal of the torch: of the 

thirty parts tested, only one would show flame after removal of the torch and 
this only for one second. The other 29 parts all showed a flame duration of zero 
seconds, as compared to up to 6 seconds for several other part types. This is 
surprising because the Manufacturer B parts exhibited the highest incidence of 
catastrophic failures that caused ignition of the plastic encapsulant. Appar- 
ently, the ignition of the plastic during screen testing and life testing was 
caused by device failure considerations rathe»" than a flammability proclivity of 
the encapsulant. 

See Section 4.4.1 for the details of this test. 

4. 1.3.2 Humidity — The application of the humidity environment to 30 ot each part 
type in biased operation resulted in no failures at all for the Manufacturer A 
bipolar 74LS194 devices but resulted in over half of each of the 2N2222 tran- 
sistor types failing. Both CMOS types had nearly the same number of failures f4 
and 5) and both 741 op amp types had nearly the same number of failures (3 and 1). 
These results proved to be inconclusive in terms of the use of humidity as a 
qualification screen, since it was not observed that the significant differences 
that occurred in life testing were reflected from the predictions that could be 
made from the results of the humidity testing. See Section 4.4.2 for the details 
of this test. 
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4. 1.3. 3 Autoclav e-This test was performed with 30 parts of each part type 
biased at 5 volts, while exposed to an environment of 120°C and 15 psig of steam. 
Again, the results showed the manufacturer A bipolar 74LS194 device to be almost 
impervious to the environment, while the other part types experienced fair to 
poor performance. Again, the 2N2222 transistor types from both manufacturers 
experienced large numbers of failures (28 and 30). The CMOS types experienced 
larger numbers of failures than for the humidity test (18 and 9) and the 741 op 
amps also experienced more failures but of roughly the same order of magnitude (8 
and 11). It was not seen that autoclave would be a meaningful qualification 
test, since it did not seem to predict the performance that occurred during the 
life testing portion of the program. See Section 4.4.3 for the details of this 
test. 

4. 1.3. 4 High Temperature Storage — The results of the high tenperature storage 
test disproved the hypothesis that pre-baking the parts at elevated temperature 
would drive out any possible contaminants and thereby improve Lhe reliability of 
the parts. It was found instead that the most severe bake (125 hours at 175®C) 
resulted in the largest number of failures and these were due to channelling, 
apparently a result of the presence of contaminants derived from the plastic 
encapsulant. The other test cells used (125 hours at 125°C and 50 hours at 
125°C) resulted in fewer failures, but channelling still did occur for all of the 
test conditions except for the Manufacturer C 4069 CMOS devices which experienced 
no life test failures after the bake at 125°C for 50 hours. 
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4.2 DETAILS OF SCREEN TEST RESULTS 
4.2.1 Initial screening Program 

All parts were subjected to electrical screening and two-thirds of the parts were 
subjected to additional environmental screening prior to committing the parts to 
the life test experiment. The intent of the screening was to investigate pos- 
sible screens that could be applied to plastic encapsulated semiconductors. The 
life test experiment was intended to determine the effectiveness of each of the 
screening routines in reliability assurance of plastic encapsulated semiconduc- 
tors. 

The 1035 plastic encapsulated parts of each manufacturer type were divided into 
345 parts for each of three screen conditions as described in section 3. Table 
4-1 summarizes the failures that occurred in each of the screens, for each of the 
part/manufacturer types. It can be seen that with the exception of the 125°C 
burn-in screen for the Manufacturer B linear 741 op amps, the yield for all of 
the parts was quite high and easily produced the desired 225 good parts needed 
for the life test experiment. 

It turned out that with the above-mentioned exception, the use or non-use of a 
burn-in had practically no effect on the number of parts that survived the 
screens. The electrical measurements made before burn-in intercepted nearly all 
of the failed parts, with only 3 parts failing at post-burn-in electrical mea- 
surement. An additional 33 parts failed during the actual burn-in and had to be 
removed from the ovens. 

Figures 4-1 through 4-7 show the points in the screening flow at which the 
failures occurred. The most significant finding evident from these figures is 
that the measurement of functional ^nd dc parameters at 100°C caught a sizable 
number of parts that had passed the 25°C measurements. None of the screening 
failures occurred at the post-burn- in measurement at 70°C following the ICO^C 
measurement. 

It appears from the screening data that the burn-in test was ineffective in 
intercepting freak population parts failures, but that the elevated temperature 
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electrical measurements were very effective. This conclusion would be a very 
fortuitous circumstance for plastic encapsulated sani conductors, since eleiated 
temperature electrical testing is much less expensive than is burn-in testing. 


Table 4-1; Initial Screening Failures 


NUMBER OF FAILURES DURING 
INITIAL SCREENING 


Screen Screen 2 Screen 3 


Part Type 

(No Burn-In) 

(70°C Burn-In) 

(1255c Burn-In 

MFR A 
(74LS 194) 

7 

3 

5 

MFR 8 
(4069) 

12 

36 

38 

MFR C 
(4069) 

5 

12 

13 

MFR 8 
(741) 

50 

6 

Aborted 

MFR 0 
(741) 

41 

35 

13 

MFR 8 
(2N2222) 

50 

54 

29 

^FR E 
(2N2222) 

9 

6 

5 


Note: Each cell started with 345 parts 
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4.2.2 Screening Cost Analysis and Trade Study 

As a vehicle to scope the cost advantages of the u‘e of plastic encapsulated 
semiconductors, a cost study was performed on the relative costs of procuring 
semiconductors in hermetically sealed JAN (Class 8) form versus the cost of use 
of the same device types in plastic encapsulated form. 

In the case of JAN parts, there is little additional work that must be performed 
after purchase of the parts, since they come already screened to stringent 
military specification requirements. Generally, even JAN parts are subjected to 
a lOOX measurement of electrical parameters and functionality at 25®C as a part 
of incoming receiving inspection. The total cost of these parts by the time they 
are '.ii manufacturing stores ready for production use is thus the total of the 
purchase price plus the electrical test cost. 

Using high speed automatic testers, the typical test cost at receiving inspection 
is 20< per part for digital microcircuits and transistors and 50t per part for 
linear microci»“cuits. Thus, the total in-bin cost for JAN virsions of the four 
device types employed on this program would be as follows: 


JAN Part 

Part Type 

JAN Class B 
1000 Quantity 
Purchase Cost 
Per Part 

Per Part 
Test Cost 

JAN Class B 
Total Cost 
Per Part 

M38510/30601 

54LS194A 

$ 4.50 

$ 0.20 

$ 4.70 

M38510/17401 

CD4069 

$15.00 

$ 0.20 

$15.20 

M385? 0/10101 

741 

$ 5.00 

$ 0.50 

$ 5.50 

JANTXV2N2222A 


$ 1.05 

$ 0.20 

$ 1.25 


These costs can be cotnpared to the comparable costs to procure and test plastic 
encapsulated semiconductors in such a manner that a similar degree of reliability 
assurance is provided. An analysis was made of the cost of performing each of 
the three screens described in this test program. 

Assume that 1000 parts are to be subjected to a screen. The cost to perform the 
screen would be as follows: 
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Cost Per Part 



74LS194 



CD4069 



2N2222 


Screen #1 



Electrical Measurement at 20^C 

$ 0,20 

$ 0.50 

Electrical Measurement at 100°C 

2.00 

2.30 

Total Cost per part (Screen #1) 

$ 2.20 

$ 2.30 

Screen #2 or Screen #3 



Electrical Measurement at 25°C 

$ 0.20 

$ 0,50 

Electrical Measurement at 100°C 

2.00 

2.30 

Temperature Cycle 

.06 

.06 

Burn-in Board Fab 

10.72 

10.72 

(2 parts per socket) 



Burn-in at 70°C or 125*^C 

1.91 

1.91 

Double Electrical Measurement ® 100°C 

4.00 

4.60 

Double Electrical Measurement ? 70°C 

4.00 

4.60 

Total Cost per part (Screen #2 or #3) 

$22.89 

$24.69 


The total in-bin cost for the four plastic encapsulated device types anployed on 
this program would be as follows: 

1000 Quantity Screening Cost Total Cost 


Part Type 

Purchase Cost 

Screen #1 

Scree'! #2 or 3 

Screen #1 

Screen #2 
or #3 

4LS194 

S 2.55 

S 2.20 

$22.39 

$ 4.75 

$25.44 

CD4069 

0.22 

2.20 

22.89 

2.42 

23.11 

741 

0.27 

2.80 

24.69 

3.07 

24.96 

2N2222 

$ 0.11 

$ 2.20 

$22.89 

$ 2.31 

$23.00 


The cost of the plastic encapsulated version can then be compared to t.ie cost of 
the equivalent hermetically sealed version, as follows: 
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In-Bin Cost 

Plastic Encapsulated Hermetically 


Part Type 

JAN Equivalent 

Screen #1 

Screen #2 or #3 

Sealed JAN "8 

74LS194 

M33510/30601 

$ 4.75 

$25.44 

$ 4.70 

C04069 

M33510/17401 

2.42 

23.11 

15.20 

741 

M38510/10101 

3.07 

14.96 

5.50 

2N2222 

JANTXV2N2222A 

2.31 

23.00 

1.25 


It should be noted that these costs do not include the normal parts engineering 
support costs associated with operating a NASA reliability- assured program. 

While it is expected that these costs would be greater for the plastic encapsu- 
lated parts because of uncertainties in the continuing quality of plastic encap- 
sulated devices, these costs could not be estimated in a meaningful way that 
would not bias the cost analysis, and hence tbe parts engineering costs were 
) gnored , 

The cost analysis shows that for the 74LS194 and the 2N2222, the burned-in JAN 
Class B versions would be less expensive to use than plastic encapsulated parts 
screened to the minimal screen of Screen #1 (no burn-in). For CD4069 and the 741 
the Screen #1 plastic encapsulated parts would be less expensive than the JAN 
Class B equivalents. 

If burn-in screen were added to the plastic encapsulated parts (Screen #2 or #3) 
they would in all cases be more expensive than JAN Class B hermetically sealed 
parts. This cost desparity is primarily due to the small quantity handling and 
setup costs for screening single lots of parts as opposed to the large quantity 
production runs made by manufacturers of JAN Class 8 parts. 

The earlier interim report on this contract indicated that if the manufacturer 
performed the screening of plastic encapsulated parts, there would be a 2:1 cost 
advantage in favor of plastic encapsulated MSI bipolar TTL parts. ($2.99 as 
compared to Sb.OO for JAN class 8 parts). This difference disappears when 
screening must be performed by the NASA user for small quantities of parts. 
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The conclusion evident from this cost analysis is that the purported cost advan- 
tage of plastic encapsulated semiconductors disappears when even minimal reli- 
ability assurance screening is applied, thus negating the principal advantage to 
the use of plastic encapsulated devices. 


47 

4 


0180-26784-1 


4.3 DETAILS OF LIFE TEST RESULTS 

4.3.1 74LS194 (Manufacturer A) 

4. 3. 1.1 Life Test ResuUs -Table 4-2 sunmarlzes the results of the life tests 

performed on the Manufacturer A 74LS194 devices. These parts were TTL bipolar 
devices and as can be seen, there were very few failures in any of the test cells. 
At 40°C, it appears that the Screen 1 cell (no burn-in) performed better than the 
cells which had had a burn-in performed prior to life testing. However, it is 
felt that this is a statistical anomcly, since this situation is reversed at 70°C 

life test, and at 125*^0 life tes^ it can be seen that the effect of the prior 

burn-in is indeterminant. The very small number of part failures that occurred 
with the 74LS194 devices prevented the plotting of the log-normal distribu^’ions 
for the various cells. Instead, the results point to the fact that the bipolar 
LSTTL technology appears to be well capable of being used in high reliability 
applications in the plastic encapsulated form. The quantity of failures that 
occurred is well within the number that could be expected from any hermetic parts 
subjected to 4000 hours of life test under similar conditions. The difference, 

of course, is that it is generally believed that burn-in at 125®C is necessary 
for the reliability assurance of hermetic devices. In the case of the plastic 
encapsulated devices, no such clear cut conclusions can be drawn based on the 
experimental data. The distribution of failures was very nearly t,ne same for the 
case of no burn-in, burn-in at 70*^C, and burn-in at 125*^C. 

TABLE 4-2 

74LS194 (Manufacturer A) Life Test Summary 


Cumul ative Failures 



Screen 

Screen 

Screen 


1 

„ 2 

. 3 


(No Burn-In) 

(70°C Burn-In) 

(125° Burn 

Life Test at 40°C 

0 

1 

2 

Life Test at 70°C 

3 

1 

0 

Life Test at 125°C 

1 

u 

1 
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Thus, it would be recommended that for plastic encapsulated LSTTL microcircuits, 
the cost of burn-in could oe avoideo in keeping with the cost saving motivation 
in using plastic encapsulated parts in the first place. The important test 
performed as a prescreen would be the use of 100% electrical test at two temper- 
atures, 25°C and 70°C. 

An additional finding that can be concluded from the results of the life test on 
the 74LS194 devices is that the use of double electrical tests did not seem to 
affect the reliability of the parts in subsequent life testing. Screen 1 parts 
were subjected only to one pass of electrical measurements at each of the two 
temperatures (25°C and 100°C), while the Screen 2 and 3 parts were subjected to 
two passes of electrical measurement at each of the test temperatures of 70°C and 
100°C after burn-in in addition to the single pass 25°C and 100°C electrical 
measurements before burn-in. Yet there seems to be no difference in the number 
of failures that occurred in the subsequent life testing. 

The conclusion that can be drawn from the 74LS194 life test experiment is that: 

0 LSTTL devices are suitable for use in plastic encapsulated form. 

0 Burn- in is not necessary as a reliability assurance technique for 
plastic ancc-'sulated LSTTL devices. 

0 Double electrical testing seems to have no effect in improvement 
of subsequent life test reliability. 

0 The most important single screen that should be invoked for plas- 
tic encapsulated LSTTL devices ■is 100% electrical measurement at 
two temperatures. 

4. 3. 1.2 Failure Analysis Results for Manufacturer A Bipolar 74LS194 — Of the 9 
Manufacturer A parts that failed on life test, 6 were subjected to failure 
analysis with the result that all of them retested good when they were electri- 
cally tested as the initial step in failure analysis. It can only be postulated 
that the parts experienced r .covery from the influence of the life test environ- 
ment in the time period between removal from life test and submittal to failure 
analysis. The possibility that the parts were erroneously measured as failures 
was discounted by the fact that each part that failed was subjected to several 
cycles of socket insertion and retest before being declared to be a failed part. 
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The failure analysis results reinforce the conclusion that the bipolar technol- 
ogy represents a high integrity technology in the plastic encapsulated .,onfi9ur 
ation. 


4.3.2 CMOS 4069 (Manufacturer B) 

4. 3. 2.1 Life Test Results -Table 4-3 sumiiarizes the results of the life tests 
performed on the CMOS 4069-type devices manufactured by Manufacturer B. Two 
significant findings can be concluded from this table. First, it can be seen 
that for the life tests performid at 40*^C and 70°C, there is a marked decrease in 
the number of failures that occurred in the cells that were burned in at 125°C 
prior to life testing. This implies that a 168 hour burn-in at 125°C would be a 
necessary screen test to be applied to this manufacturer's CMOS parts. However, 
there is a hazard in applying this finding. For the life test cell that was life 
tested at 125°C, the cell that was previously burned in at 125°C experienced a 
large number of failures after only two hours of life test. This implies that 
the 125*^C stress probably is too severe for either the plastic encapsulant or the 
die itself. 


TABLE 4-3 

Life Test Data Summary for Manufacturer B CMOS 4069 


Cumulative Failures 


Screen 1 

Screen 2 

Screen 3 


(Burn-In 

( Burn- I n 

(No Burn-In) 

at 70°C) 

at 125°C) 


Life 

Test 

at 

40°C 

34 

38 

17 

Life 

Test 

at 

O 

o 

59 

55 

32 

Life 

Test 

at 

125°C 

58 

51 

72 


Most significantly, of course, the large number of failures that occurred in each 
of the test cells indicates that the plastic encapsulated CMOS devices from 
Manufacturer B should not be used at all in high reliability applications. 


50 



D180-26784-1 


This position is borne oat by analysis of the log-normal distribution plots made 
from the statistical analyses of the failure data. Table 4-4 shows the results 
of the life test at each electrical measurement increment in time. From these 
data, a statistical analysis was made of the shape of the log-normal distribu- 
tion, and the median time-to-failure was computed. The log-normal distributions 
are shown in Figures 4-8 through 4-10. The computer printouts of the log-normal 
distribution analyses are located in the appendix. The suimary of the median 
times to failure is shown in Table 4-5. 


TABLE 4-5 

Median Time-to-Failure for Manufacturer B CMOS 4069 


Life Test at 40*^C 
Life Test at 70°C 
Life Test at 125‘’c 


Median Time-to-Fai lure (Hours) 


Screen 1 
(No Burn-In) 

1.01 X 10^ 
6.05 X 10^ 
4.95 X 10^ 


Screen 2 
(70°C Burn-In) 

7.59 X 10^ 
6.53 X 10^ 
4.31 X 10^ 


Screen 3 
(125°C Burn-In) 

1.41 X 10^ 
2.78 X 10^ 
1.8 


In Figure 4-8, it can be seen that for i-he parts that were life tested at 40°C, 
the 70°C prior bur in seemed to result in the least reliable parts. Failures 
occurred the earliest for this cell. Next in failure occurrence was the cell 
that was burned-in at 125^C, although this cell experienced the highest median 
time to failure, 1.4 X 10^ hours. Finally, the cell that, experienced no burn-in 
showed the lowest initial rate of failure, although the median time-to-failure 
was the lowest because of a large number of failures that occurred later in the 
testing. This same trend also occurred with the 70°C and 125®C life test groups, 
where the 125*^C burn-in or the 70°C burn-in cells experienced the largest number 
of early failures. In fact, as can be seen from Figure 4-3, the 125° burn-in 
resulted in an exorbitant number of failures in the 125°C life test cell, indi- 
cating that either the plastic encapsulant or the basic semiconductor die struc- 
ture is not suited for operation at 125°C. Figure 4-11 is an Arrhenius plot of 
the data resulting from the Manufacturer 8 CMOS 4069-type devices. 
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TABLE 4-4 INCREMEN'^-aL FAILURE 0IS""RI8UTI0N FOR 
MANUFACTURER B 4069 CMOS 

LIFE TEST FAILURES 


40°C LIFE TEST SCREEN 1 SCREEN 2 SCREEN 3 

INCREMENT (HOURS) (NO BURN-IN) (70°C BURN-IN) (125*^C BURN-IN) 


2 

3 

16 

64 

256 

1000 

2000 

4000 

TOTAL 


3 

2 

2 

10 

1 

3 

3 

10 

34 


13 


4 

0 

3 

0 


14 

38 


7 

0 

0 

0 

2 

0 

f 

2 

17 


70^C LIFE TEST 
INCREMENT (HOURS) 


2 

a 

16 

64 

256 

1000 

2000 

4000 

TOTAL 


4 

1 

1 

3 

2 

43 

2 

_2 

59 


14 

0 

8 

21 

3 

0 

1 

8 


3 

1 

1 

3 

4 
6 
3 

11 

32 


125°C LIFE TEST 
INCREMENT (HOURS) 


2 

4 

12 

46 

3 

2 

0 

0 

16 

0 

12 

0 

64 

3 

5 

10 

256 

36 

O 

10 

1000 

0 

4 

0 

2000 

4 

2 

0 

4000 

9 

8 

0 

TOTAL 


zr 

TT 
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Figure 4-10 MFR B 4069 CMOS 125^^0 Life Test 
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Figure 4-11 

Arrhenius Curves of Median Time to Failure For Manufacturer B 4069 CMOS 
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It can be seen that only the 125°C burn-in data presents a reasonable Arrhenius 
plot. For the other burn-in temperatures, the data are inconclusive as to ti._ 
activation energy of the part type. This inconsistency in the Arrhenius plot for 
two out of th»*ee burn-in conditions tends to indicate that there is no unifying 
pattern to the performance of the Manufacturer 3 CMOS device types as a result of 
the experiment. This degree of inconsistency would not be expected at all for 
predictably well made parts of a hermetic encapsulation, and reinforces the 
position that the CMOS technology is unsuitable for high reliability applica- 
tions in the plastic encapsulated configuration. 

4. 3. 2. 2 Failure Analysis Results -Of the total of 416 Manufacturer B CMOS 4069 
parts that failed during life testing, 17 were selected for failure analysis 
based on the number of parts that failed at each increment of time. Failure 
analysis was performed for one part from each cell and time increment for which 
the number of failures was 10 or more parts. The breakdown of the failure 
analysis results showed the following: 


0 

Open metallization - ground or Vdd line 

11 parts 

0 

Surface inversion or channeling (retested 
good after baking out) 

4 parts 

0 

Catastrophically burned - unable to 
analyze 

1 part 

0 

Kirkendall voiding 

1 part 


The reason for the open metallization stripes could not be determined. It wqS 
postulated that the internal leakage current caused by channelling could have 
progressed to the point where PNPN action could have taken place in the internal 
diffused structures. 

The incidence of channelling as evidenced by the recovery of the four parts after 
being baked for 16 to 450 hours is felt to be a significant detriment to the use 
of CMOS devices in plastic encapsulated configuration. Apparently there are 
contaminants buried in the plastic encapsulant that can be driven into the CMOS 
structure sufficiently to alter the normal CMOS bias conditions. It appears that 
this condition was aggravated by the fact that CMOS devices operate at extremely 
low levels of bias current, which caused the additional leakage currents to 
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create major disruptions in the normal operating conditions of the CMOS struc- 
tures. 

The Kirkendall voiding failure probably was caused by a combination of high Idd 
current and high temperature at the oond site due to the high current. The fact 
that Kirkendall voiding could occur at all is a reminder that gold- aluminum bonds 
are prevalent in plastic encapsulated semiconductors and represent an uncon- 
trolled source of failures not generally present in high integrity hermetically 
sealed parts, 

4.3.3 CMOS 4069 (Manufacturer C) 

4. 3. 3.1 Life Test Results- 


Table 4-6 summarizes the life test results for the Manufacturer C CMOS 4069 
parts. The number of failures in each cell was significantly less than for the 
Manufacturer B CMOS 4069 parts, and the distribution of failures was much as 
would be expected, with the 125°C life test showing the largest number of fail- 
ures. A significantly larger number of failures occurred for the 40°C life test 
parts that had previously been burned-in at 125°C, than for the parts that had 
not been burned- in or had been burned- in at 70*^0. 


TABLE 4-6 

Life Test Data Summary for Manufacturer C CMOS 4069 


Screen 1 
(No Burn-I 


Life 

Test 

at 

40°C 

4 

Life 

Test 

at 

CJ> 

o 

o 

3 

Life 

Test 

at 

125°C 

13 


Cumulative Failures 


Screen 2 
( Burn-In 
at 70°C) 

Screen 3 
(Burn-In 
at 125°C) 

6 

17 

6 

5 

25 

17 


The distribution of failures as a function of time is tabulated in Table 4-7 and 
plotted in Figures 4-12 through 4-14. For the 40°C life test (Figure 4-12), the 
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TABLE 4-7 INCREMENTAL FAILURE DISTRIBUTION FOR 
MANUFACTURER C 4069 CMOS 

LIFE TEST FAILURES 


W'^C LIFE TEST 

SCREEN 1 

SCREEN 2 

SCREEN 3 

INCREMENT (HOURS) 

(NO BURN-IN) 

(70*^0 BURN-IN) 

(125°C 8URN- 


0 

1 

3 

3 

0 

0 

1 

16 

0 

0 

-) 

64 

0 

0 

1 

266 

1 

4 

1 

iOOO 

1 

0 

3 

2000 

2 

0 

4 

4000 

0 

1 


TOTAL 

4 

6 

TT 

70°C LIFE TEST 
INCREMENT (HOURS’' 

0 

C 

3 

0 

3 

0 

0 

0 

16 

0 

0 

0 

64 

0 

1 

0 

256 

0 

2 

3 

1000 

0 

0 

1 

2000 

3 

0 

0 

4000 

0 

0 

1 

TOTAL 

T 

6 

“T 

125°C LIFE TEST 
INCREMENT (HOURS) 

u 

3 

0 

0 

8 

1 

1 

1 

16 

0 

1 

1 

64 

4 

k. 

0 

256 

5 

7 

10 

1000 

4 

5 


2000 

1 

9 

i 

4000 

0 

0 


TOTAL 

W 


■,T' 
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distribution of failures is as would be expected. The 125®C burn-in parts failed 
at a greater rate than did the 70°C burn-in parts, and the no-burn- in parts 
failed at a much slower rate. However, calculation of the median times to 
failure using the statistical analysis program resulted in anomalous findings as 
shown in Table 4-8. It was found that for the 70°C and 125°C burn-in screen 
parts, the median time- to-fai lure was greatest for the parts life tested at 
70°C, with the result that the Arrhenius curves have the meaningless shapes shown 
in Figure 4-15. Thus there can be no conclusions concerning the relative merit 
of burn-in as a pre-screen useJ prior to life testing. 

TABLE 4-8 

Median Time-to-Failure for Manufacturer C CMOS 4069 


Median Time-to-Failure (Hours) 



Screen 1 

Screen 2 

Screen 3 


(No Burn-In) 

(70°C Burn-In) 

(125°C Burn-In) 

Life Test at 40°C 

5.3 X 10® 

1.7 X 10^ 

2.6 X 10® 

Life Test at 70°C 

★ 

1.6 X 10^^ 

2.4 X 10^^ 

Life Test at 125°C 

1.1 X 10® 

9.6 X 10^ 

5.0 X 10^ 


* Insufficient number of failures to predict. 

The unexpectedly low median time-to-f allure for the 40°C life test parts may 
possibly be attributed to the fact that for CMOS the internally generated heat is 
so low that in a 40°C life test there is insufficient heat to drive off any 
internal contaminants. 

4. 3. 3. 2 Manufacturer C 4069 Failure Analysis Results ~Of the 101 Manufacturer C 
4069 CMOS parts that failed during life testing, 9 were subjected to failure 
analysis, one from each of the life test cells and time increments that had 3 or 
mote failures. The breakdov/n of the failure analysis results is as follows: 

0 Open Metallization - Ground or Vdd Line 4 parts 

0 Burned package 1 part 

0 Surface inversion or channelling 4 parts 
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Figure 4-15 

Arrhenius Curves Median Time to Failure For Manufacturer C 4069 CMOS 
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As in the previous case, the channelling is indicative of a serious problem in 
the use of plastic encapsulation for CMOS parts, since it appears that some 
contaminant resulting from the plastic encapsulant is influencing the perform- 
ance of the CMOS devices. The open metallization failures are again felt to be a 
possible result of the increased leakage currents in the CMOS structures caused 
by contamination, and the burned part was merely a result of the heating caused 
by the high currents that were manifested in some devices by open metallization. 

4.3.4 741 Operational Amplifier (Manufacturer B) 

4. 3. 4.1 Life Test Results — Table 4-9 summarizes the life test results for the 
Manufacturer B 741 op amps. Only the screen 1 and screen 2 parts were available 
for life testing, since none of the screen 3 (125°C burn-in) parts survived the 
initial burn-in screen. As a result, it is not surprising that extended life 
testing performed on the 70°C burn-in parts resulted in the test being aborted 
early in the life test due to the parts catastrophically catching fire in the 
life test ovens. Table 4-10 shows the way the life test failures were distri- 
buted with time. 


TABLE 4-9 

Life Test Data Summary for Manufacturer B 741 Op Amps 


Cumulative Failures 


Screen 1 

Screen 2 

Screen 3 

(No Burn-In) 

(70°C Burn-In) 

(125°C Burn- 


Life 

Test 

at 

o 

c 

o 

12 

71 

A/ 

Life 

Test 

at 

o 

o 

12 

J./ 

A! 

Life 

Test 

at 

125°C 

61 

_1/ 

A! 


1^/ Test aborted - parts began catching fire 
2/ No parts survived Burn-In at 125°C 
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TABLE 4-10 INCREMENTAL FAILURE DISTRIBUTION FOR 
MANUFACTURER B 741 OP AMP 


LIFE TEST FAILURES 


40°C LIFE TEST 

SCREEN 1 

SCREEN 2 

INCREMENT (HOURS) 

(NO BURN-IN) 

(70*^0 BURN-IN) 

2 

0 

0 

8 

0 

0 

16 

3 

0 

64 

0 

0 

256 

1 

0 

1000 

1 

5 

2000 

1 

21 

4000 

6 

45 

TOTAL 

vr 

'TT 

70°C LIFE TEST 
INCREMENT (HOURS) 

2 

0 

0 

8 

0 

1 

16 

1 

0 

64 

2 

1 

256 

0 

37 

1000 

1 

- 

2000 

0 

• 

4000 

8 

- 

TOTAL 

TT 

W 

(Test aborted) 

125°C LIFE TEST 
INCREMENT (HOURS) 

2 

0 

1 

8 

0 

1 

16 

3 

4 

64 

9 

43 

256 

1 

22 

1000 

10 

- 

2000 

22 

- 

4000 

23 

- 

TOTAL 


7T 

(Test ajorted) 
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The 70°C burn-in parts that were life tested at 40° experienced no failures 
until 1000 hours, at which time five failures occurred. Then at 2000 hours 
an additional 21 parts failed, and after 4000 hours an additional 45 parts 
failed, bringing the total to 71 parts. Inis indicates that the parts went 
into wear out at around 1000 hours. Apparently, there is a fundamental failure 
mechanism in the plastic/linear semiconductor structure that leads to regenerative 
degradation in such a manner that in time the parts overheat to the point 
of ignition of the plastic encapsulant. This pattern of early wear out was 
also observed for the other five test cells that survived initial burn-in. 

Figures 4-16 through 4-13 depict the log-normal distributions for the 40°C, 

70°C and 125°C life test cells using parts with no burn-in and burned-in 
at 70°C. It can be seen that in each case plotted, the parts went into wear 
out before the -»nd of the 4000 hour life test. Table 4-11 summarizes the 
median time to failure for each disti ibution, and Table 4-12 summarizes the 
estimated points on the log-normal distribution curves where wearout began. 

These points were plotted on an Arrhenius curve with the results shown in 
Figure 4-19. 

In order to analyze the performance of the Manufacturer 3 741 op amps without 
the disturbing influence of the wear out mechanism, the log-normal distributions 
were subjected to statistical analysis with the wear out failures removed. 

This resulted in colculation of the median times to failure shown in Table 4-13. 
These data were then plotted on an Arrhenius curve (Figure 4-20) to show 
the extrapolated performance of the parts when operated within reduced temperature 
imits such that the wear out mechanism would not be activated. 


TABLE 4-11 

Median Time-to-Failure with Wearout Failures Included. 


Median Time-to-Failure (iiours) 


Screen 1 Screen 2 Screen 3 

(No Burn-In) (70°C Burn-In) (125°C 8urn-In) 


Life Test at 40°C 1.9 X 10® 
Life Test at 70°C 1.0 X 10^ 
Life Test at 1L5°C 2.0 X 10® 


Screens 2 and 3 cells 
aborted due to parts 
catching fire. 
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TABLE 4-12 

Onset of Wear O'jt for Manufacturer B 741 Op Amps 

Wear Out Begins (Hours) 

No Burn-In 70®C Burn-In 


40°C Life Test 
70°C Life Test 
25°C Life Test 


3500 

2500 

600 


1000 

64 

8 


TABLE 4-13 

Median Time-to-Failure fo»" Manufacturer B 741 Op Amps 
With Wearout Failures Removed 


Median 1 inie-to-Fai''ure (Hours) 

Screen 1 Screen 2 ^craen 3 

(No Burn-In) (70°C Burn-In) (125'^C Burn-In) 


Life Tesc at 40°C 


Life Test at 70°C 
Life Test at 125°C 


4.59 X 10^^ 
2.1 X IC^ 
1.6 X 10® 


Screens 2 and 3 cells 
aborted due to parts 
catching fire. 
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Figure 4-16 MFR B 741 OP AMP 40°C Life Test 
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Figi-»« 4-17 MFR B 741 OP AMP 70°C Life Test MR 


70 



TIME-HOORS 



IX 2X 5X lOX 15X 20X 30X *0X SOX 60t 70X 80X 85X 90X 95X 98X 


PERCENT failed 

Figure 4-18 MFR B 741 OP AMP 125®C Life Test 
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Figure 4-20 

Normal Arrhenius Plot of Median Time to Failures For Manufacturer B 741 OP AMP 
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The overriding conclusion that must be drawn from the results of the life 
test experiment on the Manufacturer 8 741 op amps is that these parts are 
totally unsuited for use in any high reliability or elevated temperature 
applications. 

4. 3. 4. 2 Manufacturer B Failure Analysis Results for 741 Op Amp — Of the 310 
Manufacturer 8 741 op amps that failed, one non-catastrophic failure was selected 
for failure analysis from each of the test cells and lire test increments for 
which the number of failures was 3 or greater for a total of 10 parts. The 
results of the analysis of these 10 parts was as follows: 

0 Retest good 8 parts 

0 Apparent Electrical Overstress 1 part 

0 Gain Slightly Low 1 part 

The retest good parts were found to have bailed originally because of slightly 
out of limit gain values, and upon retest several months later they were found to 
have gain values within limits. .One part did not retest good but was found still 
to exhibit the marginal gain value which was typical of the other failures. 

Baking of this part did not affect the test results. The cause of the marginal 
gain could not be determined. 

The part which exhibited electrical overstress was typical of the parts which 
were felt to have experienced wearout during the life testing. It appears that 
at some time in the course of life testing, each of the wearout failures went 
into a high current drain mode in which an internal breakdown occurred from the 
V+ pin to an adjacent metallization run resulting in excessive supply current 
flowing. 

4.3.5 741 Operational Amplifier (Manufacturer D) 

4. 3. 5.1 Life Test Results -Table 4-14 sunmarizes the life test results for the 
Manufacturer 0 741 op amps. It was found that there was not an excessive number 
of failures for this manufacturer. 
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TABLE 4-14 

Life Test Data Summary for Manufacturer D 741 Op Amps 


Cumulative Failures 



Screen 1 
No Burn-In 

Screen 2 
70®C Burn-In 

Screen 3 
125^C Burn-In 

Life Test at 40®C 

10 

5 

4 

Life Test at 70°C 

7 

10 

4 

Life Test at 125°C 

4 

14 

13 


Although it appears that the 40°C life test caused the largest number of 
failures for the non-burn-in cell, analysis of the loy-normal distribution 
for the three life test cells (tabulated in Table 4-15 and plotted in Figures 
4-21 through 4-23) shows that the median time-to- failure for the no-burn- 
in 40°C life test was the longest, as summarized in Table 4-16. In fact, 
plotting the median time- to-fai lure for the three no-burn-in life test cells 
r<»'‘'ts in a typical Arrhenius curve as shown in Figure 4-24. Unfortunately, 
th>- •r.'/rmal distributions for the 70°C burn-in and 125®C burn-in did not 

y^e1~ able Arrhenius curves. In fact, the 125®C burn-in curve showed 
a severe anomaly in that the median time- to-fai lure at 125°C life test was 
2-1/2 orders of magnitude better than at 70°C life test. 

TABLE 4-16 

Median Time- to-Fai lure for Manufacturer 0 741 Op Amps 


Median Time-to-Failure (Hours) 



Screen 1 

Screen 2 

Screen 3 


(No Burn-In) 

(70T Burn-In) 

(125°C Burn- I 

Life Test at 40°C 

2.8 X 10^^ 

5.2 X 10^^ 

1.5 X 10^® 

Life Test at 70°C 

1.2 X 10^ 

3.6 X 10® 

2.8 X 10® 

Life Test at 125°C 

3.6 X 10® 

1.6 X 10^ 

M X 10^^ 
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TABLE 4-15 INCREMENTAL FAILURE DISTRIBUTION FOR 
MANUFACTURER D 741 OP AMPS 

LIFE TEST FAILURES 


40°C LIFE TEST 

SCREEN i 

SCREEN 2 

SCREEN 3 

INCREMENT (HOURS) 

(NO BURN-IN) 

(70°C BURN-IN) 

(125°C 

BURN-IN) 

2 

2 

1 

1 

C 

0 

0 

0 

16 

0 

0 

0 

64 

0 

0 

0 

256 

0 

0 

0 

1000 

0 

1 

0 

2000 

6 

1 

2 

4000 

2 

2 

1 

TOTAL 

w 

5 

4 

70°C LIFE TEST 
INCREMENT (HOURS) 

2 

2 

3 

1 

8 

0 

0 

0 

16 

0 

0 

0 

64 

1 

0 

0 

256 

2 

4 

3 

1000 

1 

1 

0 

2000 

1 

1 

0 

4000 

0 

1 

0 

TOTAL 

~r 

w 

4 

125^’C LIFE TEST 
INCREMENT (HOURS) 

2 

2 

4 

5 

8 

0 

1 

2 

16 

0 

0 

0 

64 

3 

2 

0 

256 

0 

2 

0 

1000 

4 

2 

0 

2000 

1 

3 

5 

4000 

1 

0 

1 

TOTAL 

"T 

vr 

ir 
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Figure 4-a MFR.D 741 OP AMP 40°C LIFE TEST 
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P'^RCENT failed 


Figure 4-<:2 MFR.D 741 OP AMP 70®C LIFE TEST 
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Figure 4- 23 MFR.D 741 OP AMP 125°C LIFE TEST 
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Figure 4-24 

Arrhenius Plot of Median Times to Failure For Manufacturer D 741 OP AMPs 
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None of the log-normal curves for the Manufacturer 0 741 op amps show any sign 
of wear out as occi’rreo with the Manufacturer B 741 op amps. However other anoma- 
lies were noted in the log-normal distribution curves. In Figure 4-22, note that 
the 125^C burn-in parts have the longest median time-to-failure and are distri- 
buted nicely to the left of the other test cells. However, the 70°C burn-in cell 
has the lowest median time to failure and is distributed to the right of the 
no-burn-in parts. 

In Figure 4-23 (125°C life test), it can be seen that the 125°C burn-in parts 
initially failed at a more rapid rate than the 70^C burn-in or no-burn-in parts, 
but then as the experiment prog'^essed bailed at a slower rate, ending up with a 
median time-to-failure much greater than the other two cells. Again, however, 
the no-burn-in cell ended up with a better median time-to- failure than did the 
70°C burn-ir. cell. 

The overall conclusion to be drawn from this anomalous data is that burn-in is of 
little value in improving the longevity of the Manufacturer 0 741 op amps. 

4. 3, 5. 2 Failure Analysis Results for Manufacturer D 741 Op Amps — Of the 71 
Manufacturer D 741-type op amps that failed 10 were selected for failure analysis 
based on one part from each life test cell and test time increment for which 
there were 3 or more failures. All of the parts were found to be marginal 
failures in the first place, having failed for being marginally low in open loop 
gain or slightly out of limits in common mode rejection ratio. After cleaning 
the leads of the parts, they all retested good. 

4.3.6 2N2222 Transistor (Manufacturer 8) 

4. 3. 6.1 Life Test Results — Table 4-17 summarizes the life test results for the 
Manufacturer B 2N222 transis ors. It is interesting to note that a large nunber 
of failures occurred in the 40°C life test cell for all three screen conditions: 
no burn-in, 70°C burn-in and 125°C burn in. Apparently, the low ambient tempera- 
ture did not provide enough heat to drive off .moisture or other impurities, even 
though the parts were life tested with a collector power dissipation of 250 mW. 
The thermal resistance of the TO-92 plastic package is 4.8 mW/°C, or 0.21^C/mH. 
Thus, the internal power dissipation heating would raise the junction tempera- 
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ture (250 mW) X (0.21°C/mU), or 53*^0- The net junction temperature for the 40°C 
life test was therefore 93°C, for the 70°C life test was 123°C, and for the 125°C 
life test was 178°C. The latter two temperature conditions apparently were high 
enough to vaporize and drive off any water that could be in the plastic package 
and thus resulted in far fewer failures for the 70^C and 125®C life test cells. 


TABLE 4-17 

Life Test Data Summary for Manufacturer 8 2N2222 Transistor 


CcBTiulative Failures 

Screen 1 Screen 2 Screen 3 

No Burn-In 70®C Burn-In 125°C Burn-In 

Life Test at 40°C 
Life Test at 70°C 
Life Test at 125°C 


28 23 24 

9 3 11 

5 6 6 


■’’he 40°C life test cells also showed signs of the onset of wear-out at around 
2000 hours, since the log-normal distributions (tabulated in Table 4-18 and 
plotted in Figures 4-25 through 4-27) showed a significant departure from the 
pattern established in the two hour to 2000 hour time period. The large number 
of failures that occurred permitted the statistical analysis program to be run 
and calculate the median times to failure for the three cells. The initial 
tabulation is shown in Table 4-19. However, because of the onset o^ wear out 
after 2000 hours, the calculations were repeated with the 4000 hour data points 
deleted. This resulted in the tabulation shown in Table 4-20. These data were 
then plotted on Arrhenius curves as shewn in Figure 4-28. 


It can be seen that the resultant Arrhenius curve; do not make sense, and the 
data indicate that other factors besides the time-tfc. oerature rate relationship 
are governing the failure distributions. T>'o inconsistency of tne data leads to 
the conclusion that burn-in or the absence of burn-in nas little influence in the 
long ttm reliability of Manufacturer 8 plastic encapsulated transistors. 
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TABLE 4-18 INCREMENTAL FAILURE DISTRIBUTION FOR 
MANUFACTURER 8 2N2222 TRANSISTOR 

LIFE TEST FAILURES 


40°C LIFE TEST 

SCREEN 1 

SCREEN 2 

SCREEN 3 

INCREMENT (HOURS) 

(NO BURN-IN) 

(70°C BURN-IN) 

(125°C BURN- 

2 

13 

2 

7 

8 

1 

0 

0 

16 

0 

2 

0 

64 

0 

1 

5 

256 

0 

0 

0 

1000 

3 

C 

1 

2000 

1 

0 

0 

;ooo 

10 

18 

n 

TOTAL 

28 

23 

24 

70°C LIFE TEST 
INCREMENT (HOURS) 

2 

3 

0 

1 

8 

0 

1 

2 

16 

2 

0 

0 

64 

3 

0 

0 

256 

0 

0 

0 

1000 

0 

2 

1 

2000 

0 

0 

0 

400C 

1 

A 

0 

7 

TOTAL 

“T 

~r 

rr 

I2b\ LIFF, TEST 
INCREMENT (HOURS) 

2 

1 

0 

3 

3 

0 

0 

1 

16 

0 

1 

1 

64 

1 

0 

0 

256 

0 

0 

0 

1000 

2 

0 

I 

2000 

1 

1 

0 

4000 

0 

4 

0 

TOTAL 

IT 

T 

T' 
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Figure 4-2:5 MFR B 2N2222 40°C Life Test 
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Figure 4-26 MFR B 2N2222 70°C Life Test 
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Figure 4-27 MFR B 2N2222 125°C Life Test 
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TABLE 4-19 

Median Time-to-Failure for Manufacturer B 2H2222 Transistor 
(Includes 4000 Hour »Jear Out Failures) 


Median Time-to-Failure (Hours) 


Screen 1 Screen 2 

(No Burn-In) (70°C Burn-In) 


Screen 3 
(125°C Burn-In) 


Life Test at 40°C 1.3 X 10® 
Life Test at 70°C 7.8 X 10® 
Life Test at 125°C 3.5 X 10® 


2.1 X 10^ 
★ 

★ 


8.3 X 10® 

7.4 X 10® 
7.3 X 10^® 


*Not enough parts failed - regression model rejected. 


TABLE 4-20 

Median Time-to-Failure for Manufacturer B 2N2222 Transistor 
(Deleted 4000 Hour Wear Out Failures) 


Median Time-to-Failure (Hours) 


Screen 1 

Screen 2 

Screen 3 

(No Burn-In) 

(70°C Burn-In) 

(125T Burn- 


Life Test 

at 

40°C 

2.1 

X 

10^^ 

3.0 X 10^^ 

1.1 

X 

10 ® 

Life Test 

at 

70°C 

7.8 

V 

/s 

10® 

★ 

1.4 

X 

10 ^** 

Life Test 

at 

125°C 

3.5 

X 

10® 

★ 

7.3 

X 

10^5 


*Not enough parts failed - regression model rejected. 
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Life Test Duration (Hours) 



Figu»'e 4-28 

Arrhenius Curves For Median Time to Failure For Manufacturer 8 2^^222 
Transistor (4000 Hour Data Point Excluded) 
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4 . 3 . 6 . 2 Failure Analysis Results for Manufacturer B Transistor 2N2222— Of the 
115 Manufacturer B 2N2222 transistors that failed during life test, 9 were 
selected for failure analysis, one from each life test cell and time increment 
for which the number of failures was 3 or more. The breakdown of the failure 
analysis >^esults is as follows: 

0 Retest good 3 parts 

0 Retes* good after baking out (channelling) 4 parts 

0 Metal r 'gration 2 parts 

The fact that four parts recovered after being baked at 150°" indicates that 
there is a surface inversion or channelling failure mechanism at work that 
results from the presence of the plastic encapsulant. None of the hermetic parts 
appeared to exhibit this failure mechanism. The other two categories of failures 
can be attributed to varying degrees of ^he channelling problem, in that metal 
migration could occur if the channelling progressed to the point v;here excessive 
collector current was drawn, and parts could retest good if the channelling had 
not progressed very far when the parts were removed from the test group for 
an?'*ysis. 

The occurence of channelling indicates a severe problem with the acceptance of 
this part type in plastic encapsulated form. It appears that the combination of 
the surface sensitive nature of high gain transistors coupled with the possible 
contaminants present in the plastic encapsulant represent an unscreenable relia- 
bility hazard. 

4.3.7 2N2222 Transistor (Manufacturer E) 

4.3. 7.1 Life Test Results — Table 4-21 summarizes the life test results for the 
Manufacturer E 2N2222 transistors. The actual distribution of all failures is 
presented in Table 4-22. It is interesting to note that again the 125°C life 
test did not cause the largest number of failures. Instead, the 40°C life tes\. 
and the 70°C life test resulted in the most failures. In addition, the 125°C 
burn-in screen seemed to degrade the parts such that in each life test cell, the 
125®C burn-in (Screen 3) showoL the largest number of failures. Both of these 
results contradict the expected results: it would be expected that 125°C burn-in 
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screening would remove the most failure prone parts, and then 125'* ** 'C life testing 
would cause the most failures. Instead, the best performance was turned in by 
the cell 'hat received no burn-in screen and then was life tested at 12S°C. 

TABLE 4-21 

Life Test Data Suwnary for Manufacturer E 2N2222 Transistor 


Cumulative Failures 



Screen 1 
No Burn-In 

Screen 2 
70°C Burn-In 

Screen 3 
125°C Burn- 

Life Test at 40'^C 

10 

9 

12 

Life Test at 70°C 

7 

11 

18 

Life Test at 125°C 

2 

5 

10 


The failure distributions of Table 4-22 were plotted on log-normal distribution 
curves as shown in Figures 4-29 through 4-31. The data were also subjected 
to the statistical analysis program to result in the median tirne-to-f allure 
shown in Table 4-23. Plotting these median times-to-failure resulted in 
the Arrhenius curves of Figure 4-32. The arrow pointing upward from the 
70*^C point is intended to Indicate that at 125°C the median time- to-fai lure 
probably is very large because of the extremely -mall number of failures 
that occurred in the 125°C life test. 


TABLE 4-23 

Median Time- to-Fai lure for Manufacturer E 2N2222 Transistor 


Med'^ an Time-to-Failure (Hours) 

Screen 1 Screen 2 Screen 3 

(No Burn-In) (70°C Burn-In) (125^C Burn-In) 

Life Test at 40°C 
Life Test at 70°C 
Life Test at 125°C 


1.2 X 10^ 

3.3 X 10® 


5.4 X 10® 
2.6 X 10® 
*1.2 X 10^ 


1.2 X 10® 
1.2 X 10® 
*9.2 X 10® 


*Linear Regression Model was rejected 

**0nly two parts failed - could not predict Median Time-to-Failure 
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TABLE 4-22 INCREMENTAL FAILURE DISTRIBUTION FOR 
('WNUFACTURER E 2N2222 TRANSISTORS 

life test failures 


40°C LIFE TEST SCREEN 1 

INCREMENT (HOURS) (NO BURN-IN) 


^SCREEN 2 
(70°C BURN-IN) 


SCREEN 3 
(125°C BURN-IN) 


2 

8 

16 

64 

-56 

300 

2000 

4000 

TOTAL 


1 

0 

0 

1 

0 

3 

2 

3 

w 


1 

1 

1 

1 

1 

0 

0 

4 


3 

1 

1 

0 

3 

2 

0 

? 


70°C LIFE TEST 
INCREMENT (HOURS) 


2 

8 

16 

64 

256 

1000 

2000 

4000 

TOTAL 


0 

1 

1 

0 

2 

3 

0 

0 


"7" 


1 

0 

5 

0 

0 

5 

0 

0 

TT 


1 

1 

6 

0 

0 

7 

0 

TT 


125°C LIFE TEST 
INCREMENT (HOURS) 


2 

8 

16 

64 

256 

1000 

2000 

4000 

TOTAL 


0 

0 

2 

0 

0 

0 

0 

0 


0 

1 

2 

0 

0 

2 

0 

0 


1 

4 

3 

0 

0 

2 

0 

0 

W 
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Figure 4-29 MFR.E 2N2222 40°C LIFE TEST 
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Figuri 4-31 MFR.E 2N2222 125°C LIFE TEST 
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Life Test Duration (Hours) 



Figure 4-32 

Arrhenius Curves of Median Time to Failures For Manfacturer E 2N2222 Transistor 
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4. 3. 7. 2 Failure Analysis Results for Manufacturer E Transisto r ?*‘! 2222 -Qf vbe 84 
Manufacturer E 2N2222 transistors that failed on life test, 13 were selected for 
failure analysis, one for each of the life .est cells and time increments for 
which the number of failures was 3 or greater. Tn addition, two hermetically 
sealed parts that failed at 256 hours and 1000 hours on 40®e life test after 
being burned- in at 125°C were subjected to failure analysis. The results of the 
failure analysis were as follows: 


0 Retested good after baking at 

iS0°C (channelling) 

0 Retested good 

0 Catastrophic failures 


Plastic Henr.etically 

Encapsu- Sealed 

lated 


10 parts 1 part 

2 parts 

1 part 1 part 


Again, the occurrence of channelling is indicated by the fact that the parts 
could be made tj recover by being baked at 150°C for several hours up to several 
hundred hours. This indicates the presence of an instability in the surface that 
could be possibly triggered by the presence of the plastic encapsulant. However, 
it was noi d that one of the hermetic parts also failed due to channelling, which 
implies that the surface of the basic silicon die may incorporate a surface 
contaminant. In any event, it appears that the devices in the plastic encapsu- 
lated configuration present an unacceptably high reliability risk which is not 
possible to ameliorate by screening. 
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4.4 RESULTS OF SPECIAL TESTS 
4,4.1 Flammabnity 

This test was performed on 10 parts of each type and manufacturer to determine 
the relative proclivity fov flammability of the plastic encapsulant of the var- 
ious device types. It was performed according with MIL-STD-202. Method lllA 
which calls for application flame from a propane torch to each part t-.p 15 
seconds, with observations made both of the numiaer of seconds required for the 
parts actually to ignite and the number of seconds for the device flane to 
extinguish after resrioval of the torch at the end of the 15 seconds. Table 4-24 
summarizes the time on'?et the flames. It CcP ba seen thct there is no 
significant difference between the different manufacturers' plastic encapsu- 
lants, with th^ possible exception of the Marufacti*i':r C 4069, for which one part 
did not ignite at al' by the end of the 1^ seconds. 

Table 4-25 sutnnarizes the duration times for the flames after >"emoval of the 
torch. The most sii^nificant finding was that each of the Itanuf acturer B part 
types extinguished itimed' ntely. This is indicative of the onssibility that it 
would be very difficult to cause these parts to burn no doe to part ov -heating. 
Yet this very failure mechanism was observed for a nufiiber of the Manufacturer B 
4069s and 741s. This means that the ignition of the plastic in those cases was 
due to Intense and sustained overheating of the parts. 

It is not felt that this flammibi’ity test was a useful discriminator between 
part types in terms of an evaluation or qualification test that could be applied 
to parts being considered for use in a program. The differences are not that 
significant and the meaning of th*; results in terms of ultimate device reliabilty 
is not clear. 
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Table 4-24 Flammability Test Measurements 
Time to Onset of Flames (seconds) 



Mfr " 

Mfr B 

Mfr C 

Mfr B 

Mfr D 

Mfr B 

Mfr E 


74LS194 

4069 

4069 

741 

741 

2N2222 

2N2222 

Ma urn 

7 

8 

15 

12 

11 

6 

10 

Ave.'age 

6 

6.5 

11.2 

8.9 

8.2 

4.3 

8.4 

Minimum 

4 

5 

10 

7 

6 

3 

7 


Table 

4-25 

Flammability Extinguishing Measurements 



Duration of Flames After Removal 

of Torch (seconds) 



Mfr A 

Mfr B 

Mfr C 

Mfr B 

Mfr D 

Mfr B 

Mfr E 


74LS194 

4069 

4069 

741 

741 

2N2222 

2N2222 

Maximum 

6 

0 

6 

1 

3 

0 

3 

Average 

3.5 

0 

2.5 

0.1 

0.5 

0 

1.3 

Minimum 

0 

0 

0 

0 

0 

0 

0 
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4.4.2 Humidity 

This test was performed with the parts simply biased at +5 volts and placed in 
the humidity chamber which was held at 85*^C and 85% relative humidity. 30 parts 
from each manufacturer and part type were tested, with electrical measurements 
made at time increments of 2, 8, 64, 256 and 1000 hours. Table 4-26 summarizes 
the failures that ocrured. It can be seen that again the bipolar LSTTL devices 
seemed to be impervious to the environmental stress, but surprisingly this was 
true of the Manufacturer D 741 op amps also. 

A second interesting result was that both manufacturers' versions of the 2N2222 
transistor showed a large number of failures. Over half of the parts from both 
Manufacturer B and E 2N2222 transistors failed the humidity test. 

The failures were nearly all due to increase in the collector leakage current 
from the normal maximum of 10 nA to a range of leakage currents of several 
hundred manoamperes. These "failed" leakage currents are still exceptionally 
small, but are indicative of the presence of contaminants on the surface of the 
silicon die. There was no evidence of corrosion caused by the humidity environ- 
ment. 

A humidity test such as was performed on this program has been postulated as 
being useful in evaluation of plastic encapsulated products from several manu- 
facturers of the same part as an indication of relative merit of the competing 
manufacturer's products. The results of the tests performed here did not show a 
clear advantage of any manufacturer over any other. However this may merely 
Indicate that there was no manufcturers that were seriously deficient in this 
sampU. The only clear cut conclusion to be drawn is that either the Manufac- 
turer A plastic encapsulant is of very high Integrity, or that the bipolar TTL 
te' oology is very insensitive to the presence of contaminents around the silicon 
die. In any case, humidity testing caused no failures in the Manufacturer A 
74LS194 TTL parts. 
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Table 4-26 Humidity Life Test Results 




Number 

of Failures 

at Life Test Increment 



Mfr A 

Mfr 8 

Mfr C 

Mfr 8 

Mf,' D 

Mfr 8 

Mfr E 


74LS1S4 

4089 

4069 

741 

741 

2N2222 

2N2222 

Operating 
Life Test 
Hours 








2 

0 

0 

2 

•? 

0 

0 

0 

8 

0 

0 

0 

0 

0 

6 

1 

16 

0 

1 

1 

0 

0 

9 

1 

64 

0 

0 

1 

0 

0 

2 

2 

256 

0 

2 

0 

0 

0 

2 

3 

1000 

0 

1 

1 

0 

1 

0 

14 

Total 

0 

4 

5 

3 

1 

19 

21 


Note: Initial cell size was 30 parts 

4.4.3 Autoclave 

This test was also performed with the parts simply biased at +5 volts while 
placed in the autoclave chamber at 120®C and 15 psig of steam. 30 parts from each 
manufacturer and part type were tested, with electrical measurements niade at time 
increments of 1, 4, 16, 32, 64 and 96 hours. Table 4-27 cummarizes the results. 

Hare also, the Manufacturer A 74LS194 device showed almost no sensitivity to the 
contamination that was possibly introduced by the autoclave test. Only one part 
failed. Nearly all of the 2N2222 transistors from both manufacturers failed the 
autoclave test, but it was found that the failures could be baked out such that 
the parts recovered. This indicates that the failures were due to increase of 
the collector-to-base leakage current Icbo beyond the allowable limit. It ap- 
peared that there was no incidence of corrosion of the Internal leads caused by 
the exposure to himidity. 

For the CMOS parts and linear parts, a large number of the parts failed but 
recovered after baking. This again indicates that the failures were due to 
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leakage paths across low leakage junctions, rather than corrosion of the aluminum 
mealization. 

The autoclave test did prove to be capable of generating failures in a manner 
that could be used as an evaluation tool for plastic encapsulated semiconductors, 
even though the differences between the manufacturers was not significant. The 
way that such a test would be implemented would be to compare the results for 
several different manufacturers and determine if any one manufacturer exhibited 
signicantly larger numbers of failures than the other manufacturer's parts. 

Table 4-27 Humidity Test Lead Failures 
Number of Failures at Life Test Increment 



Mfr A 

Mfr B 

Mfr C 

Mfr B 

Mfr D 

Mfr B 

Mfr E 

Operations 
Life Test 
Hours 

74LS194 

4069 

4069 

741 

741 

2N2222 

2N2222 

1 

1 

0 

0 

1 

0 

11 

3 

4 

0 

0 

0 

0 

0 

1 

0 

16 

0 

0 

1 

C 

0 

14 

12 

32 

0 

1 

1 

0 

1 

1 

14 

64 

0 

6 

3 

5 

4 

1 

1 

96 

0 

11 

4 

2 

6 

0 

- 

Total 

1 

18 

9 

8 

11 

28 

30 


Note; Initial cell size was 30 parts 

Another interesting observation that was made as a result of the autoclave tests 
was that for four of the seven part types, the autoclave environment caused the 
external leads to become brittle, resulting in breakage of the leads and inabi- 
lity to measure the parts electrically. This failure mechanism was analyzed 
extensively in the previous accelerated stress test contract when it occurred for 
Manufacturer A parts and was found to be caused by the cracking of the nickel 
plating on the leads which allowed the moisture to attack the kovar leads, 
causing embrittlement. Figure 4-28 sumnarizes the part types for which this 
problem occurred. 


101 


D180-26784-1 


Table 4-28 

Occurrence of Broken Leads During Autoclave 



Mfr A 

Mfr B 

Ml ' C 

Mfr B 

Mfr D 

Mfr B 

Mfr E 

Operations 
Life Test 
Hours 

74LS194 

4069 

4069 

741 

741 

2N2222 

2N2222 

1 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

0 

31 

0 

0 

0 

0 

0 

0 

0 

6‘, 

9 

0 

0 

0 

4 

0 

0 

96 

2 

1 

1 

0 

g 

g 

0 

Total 

11 

1 

1 

0 

4 

0 

0 

The Manufacturer 

A parts are 

again seen 

to be the most susceptible to 

this 

problem. 

All of 

the failures 

occurred 

near the 

end of the 

test when 

the parts 


been inserted and removed from the life test sockets and electrical test sockets 
a number of times. It is felt that this normal but repeated handling combined 
with the severe moisture stress imposed by the autoclave test resulted in the 
penetration of the corrosion- inducing moisture into the external leads. These 
failures were not counted in the basic autoclave test results of Table 4-27 
because they are not felt to be related to the plastic encapsulant. 

4.4.4 High Temperature Storage 

Three test cells were formed for each of the CMOS part types from Manufacturer A 
and Manufacturer B, to determine if there was any benefit in baking plastic 
encapsulated parts prior to use to drive out any intrinsic moisture imbedded in 
the plastic. The three test cells were as follows: 

0 Screen 4: Bake at 125°C for 125 hours 

0 Screen 5: Bake at 175°C for 125 hours 

0 Sc»een 6: Bake at 125°C for 50 hours. 


102 



D180-26784-1 


Following bake, the parts were subjected to 40®C operating life test for 1000 
hours with electrical measurements made at 4, 16, 64, 256 and 1000 hour incre- 
ments. The operating life tests were Identical to the 40°C life tests performed 
following Screens 1, 2 and 3. It can be seen that Screen 6 is the least severe of 
the screens and Screen 5 is most severe. 

Table 4-29 summarizes the results of the high temperature storage test on the 
Manufacturer B 4069 parts and Table 4-30 summarizes the test results on the 
Manufacturer C 4069 parts. 

It can be seen that the Screen 5 parts suffered the largest number of failures 
for both part types. Failure analysis of the failures from all of the cells 
indicates that the failures are caused by channeling as evidenced by the fact 
that the failed parts recover after being baked at 125°C. It thus appears that 
the initial bake of the parts did not remove the source of the contamination that 
causes channelling, but instead drove it even deeper into the plastic encapsulant 
or semiconductor surface. It is not known if this contaminant is water or some 
other derivative of the plastic encapsulation process. 

It appears that the more benign bake screen of Screens 4 and 6 did not result in 
as many life test failures. In fact, none of the Manufcturer C 4069 parts failed 

on 40®C life test after being baked for just 50 hours at 125*^C. It is not known 

if this is a statistical anomaly or if this indicates that this might be a valid 

screen for plastic encapsulated semiconductors. The important observation 
should be that even with the rather good results that the high temperature 
storage screen appeared to generate, the number of life test failures is still 
unacceptably large as compared to the number of failures that would be expected 
fo» hermetically sealed parts, with the implication that the failure mechanism 
that generates the failures in plastic encapsulated parts is basically unscreenable. 
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Table 4-29 Manufacturer B 4069 High Temperature 
Storage Life Test Results 


40°C 

Screen 4 

Screen 5 

Screen 6 

Operating 

Bake 125 Hrs 

Bake 125 Hrs 

Bake 50 

Life Test 
Hours 

(3 125°C 

0 175°C 

0 125°C 

0 

0 

0 

0 

4 

1 

1 

0 

16 

0 

0 

0 

64 

0 

0 

0 

256 

0 

3 

0 

1000 

2 

5 

4 

Total 

3 9 

Table 4-30 Manufacturer C 4069 
High Temperature Storage Life Test Results 

4 

40°C 

Screen 4 

Screen 5 

Screen 6 

Operating 

Bake 125 Hrs 
? 125'’C 

Bake 125 Hrs 
0 175°C 

Bake 50 1 
0 125°C 

Life Test 
Hours 

0 

0 

0 

0 

4 

0 

1 

0 

16 

0 

1 

0 

64 

0 

0 

0 

256 

0 

1 

i. 

0 

1000 

2 

2 

0 

Total 

2 

5 

0 
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5.0 PROCUREMENT AND APPLICATION CONSIDERATIONS 

5.1 DESIGN APPLICATION AND PROCESSING CONSTRAINTS 

Although plastic encapsulated semiconductors are apparently used with success 
in coirmercial application in industry, their use in NASA space application 
would appear to be fraught with problems and reliability hazards. Any design 
application for which the use of plastic encapsulated semiconductors is contem- 
plated should be analyzed to determine if such usage would be feasible in 
the face of the intense parts engineering and supplier monitoring that would 
have to be performed to ensure a suitably high integrity product. 

Any device type which employs surface related structures such as are found 
in linear microcircuits, high voltage or high gain transistors, and low leakage 
current low dissipation device types such as CMOS and FET devices is expected 
to present severe reliability problems upon application to NASA designs. 

The only possible device type for which there might be reasonable success 
in use of plastic encapsulated devices would be the high-power-dissipation 
bipolar TTL-technology devices (such as LSTTL, TTL and ALSTTL) and other 
bipolar digital devices. It doec not appear that the reliability of CMOS 
or linear device types could be controlled satisfactorily by exercising parts 
engineering or device processing constraints, even if the manufacturers of 
plastic encapsulated devices would allow these constraints to be applied 
to them. 

5.2 QUALIFICATION TEST CONSIDERATIONS 

It would be desirable for users of plastic encapsulated semiconductors to 
be able to perform qualification testing on samples of devices they are planning 
to use and be able to derive useful reliability information from the qualifi- 
cation tests. However it appears that there are no significant tests that 
can be performed as qualification tests that would shed light on the relative 
merit of any given lot of plastic encapsulated semiconductors. 

While parts can be made to fail by the application of humidity and pressure 
cooker (autoclave) tests, the meaning of the failures observed cannot be 
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discerned, other than that at a gross level the tests are likely to identify produc 
tion lots of parts that are significantly worse than other lots. Thus it 
appears that lot qualification of plastic encapsulated semiconductors cannot 
be used as a means of assuring the reliability of the devices, and manufacturer 
line or in-process qualification cannot be considered in the atmosphere of 
the high volume, low cost production characteristics of the plastic encapsu- 
lated semiconductor technology. 

5.3 SCREENING TEST CONSIDERATIONS 

The results of this program indicate that the failure mechanisms of plastic 
encapsulated semiconductors are unscreenable by any of the well-known or 
low cost screens available to parts control engineers. The failures that 
occur with surface sensitive device types appear to be log-normally distributed 
with a low sigma, such that throughout the duration of operation of a system 
bearing plastic encapsulated semiconductor, failures would be continuing 
to occur at a unacceptably high rate. For the device types which are not 
surface sensitive (such as bipolar LSTTL devices), there does not seem to 
be any advantage to conventional screens such as burn-in. The use of electri- 
cal measurement of parameters and functional performance at two temperatu»“es 
does serve to weed out “parts that never worked", but this is the only screen 
that would be of value. 
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6.0 RECOMMENDATIONS 

6.1 APPLICABILITY OF PLASTIC ENCAPSULATED SEMICONDUCTORS TO SPACE APPLICATIONS 

The results of this program Indicate that with the po;*sib1e exception of 
bipolar digital devices, plastic encapsulated semiconductors are not applicable 
to space application or to other applications where even a minimal degree 
of reliability assurance is desired. The low cost of plastic encapsulated 
semiconductors is more than offset by the high cost of screening and parts 
engineering that would be required to provide adequate i uoility assurance, 
and even then the reliability would probably not be adequate for other than 
the most undemanding system applications such as ground equipment in an environ- 
mentally controlled application. 

6.2 ADDITIONAL STUDY AND EVALUATION AREAS 

A recent technological development has provided an alternative to the use 
of CMOS for low pow$r drain system design. This is the integrated injection 
logic (IIL) technology which offers extremely low power dissipation in a 
bipolar technology. Little is known about the reliability of the IIL tech- 
nology in either hermetic or plastic encapsulated versions. 

One of the problems with IIL is that there are no large families of device 
types for system design available in IIL. Most of the emphasis in IIL has 
been in the custom VLSI area, although there are several standard VLSI designs 
(microprocessors, etc) on the market. 

It is reconmended that the problems of plastic encapsulated CMOS be given 
an alternative solution: use of IIL technology. This would require that 

an accelerated stress test be performed to evaluate the screenability of 
IIL in plastic encapsulated form. A program similar to this Phase 2 program 
should be initiated on examples of IIL in custom VLSI and standard VLSI form, 
to determine the suitability of this technology for use in space application. 


107 


D180-26784-1 


APPENDIX A 

STATISTICAL ANALYSIS PROGRAM 


A1 


Lined'” Regression Program Documentation 
Frank Moore 0rg:2-3622 Ph; 3-9434 


INTRODUCTION 


PRECEDING PAGE BUNK NOT RLMED 


The linear regression program described herein is used for the statistical 
analysis of life test failure data of parts from the NASA contract "Develop- 
ment of Design, Qualification, Screening, and Application Requirements for 
Plastic Encapsulated Solid-State Devices for Space Applications". 

Two oojectives are met in this program. The first is to calculate a 
measure of the variance of the data. This measure gives the user some idea 
about the quality of the data. The second objective is to calculate the 50% 
failure point in hours. This 50% point is calculated by converting the data 
into a linear relationship, finding the equation of the best fit line through 
the data, and finally using this equation fo»* the solution. 

The life test data, is converted into a linear relationship ,^y calculating 
the log of the hour increment, and by calculating the probit of the cummulative 
failure percentage. A probit ^s a linear measure on the normal cummulative 
distribution function. 

In addition to these objectives, the program also calculates a confidence 
interval for the parameters of the line and allows the user to find the 
probit value and confidence interval for any hour value. 

The following sections of this document briefly describe simple linear 
regression and detail the program and how it is used. 


SIMPLE LINEAR REGRESSION 


This section briefly describes simple linear regression and the equations 
used in this program. 

There are many occasions where one variable in a process linearly depends 
on another variable. The variable which is controlled is called the independent 
variable, x in this case, while the other is obviously the dependent variable, 
y. If different values of x. are used to determine values of y, then a scatter 
diagram of figure 1 may be plotted which shows the linear relationship. 



If more data is taken for the same values of x, then it would be expected 
that the y^ values would vary. That is, for »ach tnere exists many 
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(y.., y. .) where these y's may be thought of as a random variable. This 

may be represented by figure 2 where the density of y., f(y), is plotted for 
a few ’ 



FIGURE 2 True Linear Relationship vs. Estimation 

The line through the mean of each f(yj can be expressed as in figure 2. 
In some sense this is the true line for the data. The line 


y=a+bx 


( 1 ) 


is therefore an estimate of the line. 


if a minimum sum of squared error criterion is used then the following 
equations provide an estimation of the constants a and b. 



a«y-bx (4) 

where n» # data points 
X" mean o^ x data 
y» mean of y data 


Since a and b are normall/ distributed -andom variables then confluence 
intervals around ot and found using “"e T statistic. 



s 


(5) 


b - 



< 


0 < K 


+ 


" c »/2 




If a certain x=Xq is known and it is desired to find a confidence interval 
of then again the T statistic may be used. 



Finally it is often desirable to have a measure fo the variance of the 
data. Using the F statistic, a measure may be calculated in order to *est 
the null hypothesis, H_, that the oata did not reflect sufficient evidence 
to support the model postulated. 
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b S 

i . xy 
■ 

s 

The comparison is then made: 

IF f>f (l,n-2) THEN REJECT Hy AT THE 

LEVEL OF SIGNIFia^NCE 

ELSE ACCEPT Hy 

where f 

1 degree of freedom 
J^ 2 " degrees of freedom 

These are the necessary equations to compute the results of the program. 


THE PROGRAM 

Since this section includes a listing as well as a flow chart of the 
program, a verbal explanation of the program will not be presented. 

Instead a step by step description of how to use the program will be 
offered. Text printed on the Fluke 1720A Controller will be typed in capitals 
while responses will be typed In small letters. Comments wUrpe set off 
by parenthesis. A samole of the printed output will also be shown. The 
data presented to the program is frcm the 4069 life test of the 
previously cited NASA contract. 

EXAMPLE : 

ENTER PARI TYPE: 4069 

ENTER SCREEN #: 

ENTER LIFE TEST: 125 

ENTER # OF POINTS ANO<50) 6 

{ 6 points for data to lOOOhrs, 8 points to 4&U0hrs) 

ENTER ALPHA FOR CONFIDENCE INTERVAL .05 
( for 95% confidence interval enter aVpha*l- .95) 

ENTER T OF. 025 FOR 4 DEGREES OF FREEDOM 2.776 
{ see figure 3. find alpha column in figure for .025 and row 
for , » degrees of freedom, or 4. intersection gives T«2.776) 

ENTER m PARTS IN SCREEN 75 

{ this should be # of parts accounted for at the end of 
life testing) 
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ENTER X(l) 2 

( life test increment in hours) 

ENTER Y(l) 3 
ENTER X(2) 8 
ENTER Y(2) 1. 

ENTER X(3) le 
ENTER Y(3) 0 
ENTER X(4) 6_4 
ENTER Y(4) 4 
ENTER X(5) ^ 

ENTER Y{5) 5 
ENTER X(6) 

ENTER Y(6) 2_5 

DO YOU WISH TO CHANGE A VALUE (Y OR N) i 

CHANGE X I 

'NTER I 6 

ENTER X(I) 1000 

CHANGE Y I 

ENTER I 6 

ENTER Y(I) 4 

DO YOU WISH TO CHANGE A VALUE (Y OR N) n 

00 YOU WISH TO FIND AN INTERVAL FOR SOWE MEAN OF Y/XO i 

IS THIS TO BE A .95 INTERVAL i 

ENTER XO VALUE 5C 

DO YOU WANT THE LOG(X) i 

ENTER F OF ALPHA F0R(1,4) DEGREES OF FREEDOM 7.71 
( see figures 4-7. find figure for alpha*. 05. findy. column*! 
andy 2 row*4 intersection gives f*7.71, for 8 data polntsy^ row*6) 

END OF PROGRAM 

The resulting program output Is shown in figure 8. 
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TabI® 

Cnticai Values ot the t Distribution 




a 

y 

0.10 

0.05 

0.025 

0.01 

0.005 

1 

3.078 

6.314 

12.706 

31,821 

63.657 

as 

1.886 

2,920 

4.303 

6.965 

9,923 

y 

1.638 


3.1S2 

4.541 

5.841 

4 

1 5J3 

2.132 

2.776 

3.747 

4.604 

3 

1 476 

2.013 

2.571 

3.365 

4.032 

6 

1 440 

1.943 

2.447 

3.143 


7 

1.415 

1 895 

2,365 

2.998 

3.499 

8 

1.397 


:.306 

2.896 

3.355 


1.383 

! 833 

2.262 

2 821 

3.250 

10 

1.372 

1.812 

2.228 

2.764 

3.169 

11 

1.363 

1.796 

2.201 

: :i8 

3.106 

i: 

1.356 

1.782 

2.179 

: 68! 


n 

1.350 

1.771 

2.160 

:.o5o 

HH 

14 

1.343 

1.761 

2.145 

2.624 

2.977 

13 

1.341 

1.753 

2.131 

2.602 

2.947 

16 

1.337 

1./46 

2,120 

2.583 

2.921 

17 

1 333 

1.740 

2.110 

2.567 

2.898 

18 

1-330 

1.734 

: 101 

2 5,^2 

2.878 

19 

1.328 

1.729 

2 093 

2 539 

2.861 


1.323 

1.725 

2.086 

2.528 

2.845 

:i 

1.323 

1.721 

2.080 

2.518 

2.831 

ss 

1.321 

1.717 

2.074 

2,508 

2.819 

23 

1.319 

l."14 

2.069 

2.500 

2.807 

24 

1.318 

I.7U 

1 20e4 

2.492 

2.797 

25 

1.316 

1.708 

2.060 

2.485 

1787 

26 

1.315 

1 706 

2.056 

2479 

1779 

27 

1 1.314 

1 703 

2.052 

2.473 

1771 

28 

: 1.313 1 

l.'Ol 

2048 

2.467 

1763 

29 

1.311 

1.699 

2.045 

2.462 

1756 

mf. 

1.282 

1.645 

1.960 

2,326 

2.576 


♦ From Table IV of R \ Fisher. Sran\ri«'u/ /iw 

Reseun h i* or si rs, published b> OIisct «& Fdinburgh« 

by permtvuon of the author and publishers. 
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Table VII+ Critical 
Values of th® f Distribution 



Vl) 





Vl 

Vi 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

161.4 

199.5 

215.7 

:24.6 

230.2 

j 234.0 

236,8 

238.9 



18.51 

19.00 

19.16 

19.25 

1<5 ^0 

19.33 

19.35 

19.37 

■mi 

3 

10.13 

9.55 

9.28 

9.12 

9.01 

8 94 

8,89 

8.85 

8.81 

4 

7.71 

6,94 

6.59 

6.39 

6.26 

6.16 

6.09 

6.04 

6.00 

5 

6.61 

5.79 

5.41 

5.19 

*5.05 

4.95 

4.88 

4.82 

4.77 

6 

5.99 

5.14 

I 4.76 

4.53 

4.39 

4.28 

4.21 

4.15 

4.10 

7 

5.59 

4.74 

4.35 

4.12 

3.97 

3.87 

3.79 

3.73 

3.68 

8 

5.32 

4.46 

4.07 

3.84 

3.69 

3.58 


3.44 

3..39 

9 

5,12 

4.26 

3.86 

3.63 

3.48 

3.37 

3.29 

3.23 

3.18 

10 

4.96 

4.10 

3.71 

3.48 

3.33 

3.22 

3.14 

3,07 

3.02 

11 

4.84 

3,98 

3.59 

3.36 

3.20 

3.09 

3.01 

2.95 

2.90 

i: 

4.75 

3.89 

3.49 

3.26 

3.11 

3.00 

2.91 

2.85 

2.80 

13 

4,67 

3.81 

3.41 

3.18 


2.92 

2.83 

2.77 

2.71 

14 

4.60 

3.74 

3.34 

3.11 

2.96 

2.85 

2.76 

2.70 

2.65 

15 

4.54 

3.68 

3.29 


:.9 o 

2.79 

2,71 

2.64 

2,59 

16 

4.49 

3.63 

3.24 

3.01 

2.85 

2.74 

2.66 

2.59 

2.54 

P 

4.45 

3.59 

3.20 

2.96 

2.81 

2.70 

2.61 

2.55 

2.49 

18 

4 41 

3,55 

3.16 

2.93 

2.77 

2.66 

2.38 

2.51 

2.46 

19 

1 4 38 

3.52 

3.13 

2.90 

2 74 

2.63 

2,54 

2.48 

2.42 

20 

4.35 

3.49 

3.10 

2.87 

2.71 

2.60 

2.51 

2.45 

2.39 

21 

4.32 

3 47 

3.07 

2.84 

2.68 

2.57 

2.49 

2.42 

2.37 

22 

4.30 

3.44 

3.05 

2.82 

2.66 

2.55 

2.46 

2.40 

2.34 

23 

4.28 

3.42 

3.03 

2.80 

2.64 

2.53 

2.44 

2,37 

2.32 

24 

4.26 

3.40 

3.01 

2.78 

:.62 

2.51 

2.42 

2 J 6 

2.30 

23 

4.24 

3.39 

2.99 

2.76 

2.60 

2.49 


2.34 

2.28 

26 

4.23 

3.37 

2.98 

2.74 

2 59 

2.47 

2.39 1 

2-32 

2.27 

27 

4.21 

3.35 

2.96 

2.73 

2.57 

2.46 

2.37 

2.3! 

2.25 

28 

4.20 

3.34 

2.95 

2.71 

2.56 

2.45 

2.36 

: L 29 

2.24 

29 

4.18 

3 33 

2.93 

2.70 

2.35 

2.43 

2.35 

2.28 

Z22 

30 

4.17 

3.32 

2,92 

2.69 

2.53 

2.42 

2.33 

2.27 

2.21 

40 


3.23 

2M 

2.61 

2,45 

2.34 

2.25 

2.18 

2.12 

i ^ 


3.15 

2.76 

2.53 

2.37 

2.25 

2.17 

2.10 

2.04 

1 120 

3.92 

3.07 

2.68 

2.45 

2.29 

2.17 

2.09 

2.02 

1.96 

1 ^ 

3.84 

3.00 

2.60 

2.37 

2.21 

2.10 

2.0! 

1.94 

1.88 


Rcproduccii frorn Table 18 of Buunetnku Tuhtrs tor St oust tc tans, VoL I. bv permission 
of E. S. Pearson and the Biometrika Trustees. 
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FIGURE 4 
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Tabl« VII Critical Values of the F Distribution (conttnuecf) ' 


i'l) 



y\ 


1 

2 



m 

5 

ID 


8 

9 

1 

fi 

4999.5 


en 

MlHi 




mm 

•* 


99.00 

99,17 

99.25 1 

99.30 

99.33 i 

99.361 

99.371 

99.39 

3 

J4.I2 

30.82 

29 46 

28.71 

28.24 

27.91 

27.67 

27.49 

27.35 

4 

:t.:o 


16.69 

15.98 

15.52 

15.21 

14.98 

14.80 

14.66 

5 

16.26 

13.27 

12.06 

11,39 

I0.<57 

10.67 

10.46 

10.29 

10.16 

6 

13.75 

10.92 

9.78 

9,15 

8.75 

8.47 

8.26 

8.10 

7.98 

7 

12.25 

9.55 

8.45 

7 85 

•746 

7 19 

6.99 

6.84 

6.72 

S 

11.26 

8.65 

7 59 

7.01 

6.63 

6 37 

5.18 

6.03 

5.91 

9 

10.5^ 

8.02 

6.99 

6.42 


5.80 

5,61 

5.47 

5.35 

to 

10.04 

7.56 

6.55 

5 go 

5.64 

5.39 


5.06 

4.94 

11 

9 65 

7.21 

6.22 

5.67 

5.32 


4.89 

4.74 

4.63 

i: 

9.33 

6.93 

5.95 

5.41 

5.06 

4.82 

4.64 


4.39 

13 

9.07 

6.70 

5. 74 

5.21 

4.86 

4 62 

4.44 

4,30 

4.19 

14 

8.86 

6.51 

5.56 


4 69 

4.46 

4.28 

4.14 

4.03 

15 

8.68 

6.36 

5.42 

4.S9 

4,56 

4.32 

4.14 

4.00 

3.89 

16 

8.53 

6.23 

5.29 

4,'T 

4.44. 

4.20 

4.03 

3 89 

3.78 

W i 

840 

6 11 

5.18 

4.67 

4.34 

4.10 

3.93 

3.79 i 3.68 ! 

18 

8.29 

o.OI 

5.09 

4,58 

4 25 


3.84 

3.71 

3.60 

19 

8.18 

5.93 



4.17 

3.94 

3.77 

3.63 

3.52 

:o 

8.10 

5.85 

4.94 

4.43 

4.10 

3.87 

3.70 

3.56 

3.46 

:i 

8.02 

5.78 

4 87 

4.37 

4.04 

3.81 

3.64 

3.51 

340 


7,95 

5.72 

4.82 

4.31 

3.99 

3.76 1 3.59 

3.45 

^35 


7.88 

5.66 

4,76 

4.26 

394 

3.71 

3.54 

3.41 

3.30 

:4 

7.82 

3.61 

4.72 

4.22 


3.67 

3 50 

3.36 

3.26 

25 

7,77 

5.57 

4.68 

4.18 

3.85 

3.63 

3.46 

3.32 

3.22 

26 

7.72 

5.53 

4.64 

4.14 

3.82 

3.59 1 3.42 

329 

3.18 

27 

7.68 

5.49 

4.60 

4.11 

3 78 

3.56 1 3.39 

3-26 

3.13 

28 

7M 

} 5.45 

4.57 

4 07 

3.75 

3,53 1 3.36 

3.23 

3.12 

29 

7.60 

( 5.42 

4.54 

4.04 

3.73 


3.33 

3.20 

3.09 

30 

7.56 

! 5.39 

4.31 

4.02 


3.47 

3.30 


3.07 

40 

7.31 

' 5.18 

4.31 

3.83 

3.51 

3.29 

3,12 

2.99 

2.89 

60 

7 08 ; 4.98 

4.13 

3.65 

3.34 

3.12 

2.95 

2.ai 

2,72 

120 

6.85 

4.79 

3.95 

3.48 

3.17 

2.96 

2.79 

2.66 

2.56 

30 

6.63 

4.6S 

3.78 

3.32 

1 3.02 

2.80 

2.64 


2.51 

2.41 


518 
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Table VII Critical Values of the f Distribution (continued) 



y\ 

Vi 

10 

12 

15 

20 

24 

30 

40 

60 

120 

oo 

1 

6056 

6106 

6157 

6209 

6235 

6261 

6287 

6313 

6339 

6366 

2 


99.42 

99.43 

99.45 

99.46 

99.47 

99.471 

99.48 

99.49 


3 

27.23 

27.05 

26.87 

26.69 

26.60 


26.41 

26.32 

26.22 

26.13 

4 

14.55 

14.37 

■iM 


13.93 

13.84 

13.75 

13.65 

13.56 

13.46 

3 

10.05 

9.89 

9.72 

9.55 

9.47 

9.38 

9.29 


9.11 

9.02 

6 

7.87 

7.72 

7.56 


7.31 

7.23 

7.14 

7,06 

6.97 

6.88 

7 

6.62 

6.47 

6.31 

6.16 

6.07 

5.99 

5.91 

5.82 

5.74 

,S65 

8 

5,81 

5.67 

5.52 

5.36 

5.28 


5.12 

5.03 

4.!^5 

4.86 

9 

5.26 

5.il 

Km 

4.81 

4.73 

4.65 

4.57 

4.48 

4.40 

4.31 

10 

4.85 

4.71 

4.56 

4.41 

4.33 

4.25 

4.17 

4.u8 


3.91 

11 

4.54 

4.40 

4.25 

4.10 

4.02 

3.94 

3.86 

3^8 

3.69 

3.60 

12 

4.30 

4.16 

4.01 

3.86 

3.78 

3.70 

3.62 

3.54 

3.45 

3.36 

13 


3.96 

3.82 

3.66 

3.59 

3.51 

3.43 

3.34 

3.25 

3.17 

14 

3.94 

3.80 

3.66 

3.51 

3.43 

3.35 

3.27 

3.18 

3.09 


15 

3.80 

3.67 

3.52 

3.37 

3.29 

3.21 

3.13 

3.05 

2.96 

187 

16 

3.691 

3,55 

3.41 

3-26 

3.18 

3.10 

3.02 

2.93 

184 

175 

17 

3.59 

3.46 

3.31 

3.16 

3.U8 

Klo] 

2.92 

183 

175 

165 

18 

3.51 

3.37 

3.23 

3.08 


2.92 

2.84 

2.75 

2.66 

2.57 

19 

3.43 

3.30 

3.15 


2.92 

184 

2.76 

2.67 

158 

2.49 

20 

3.37 

3.23i 

3.09 

2,94 

186 

2.78 

i 2.69 

161 

2.52 

2.42 

21 

3,31 

3.17! 

3.03 

2.88 

2.80 

2,72 

2,64 

155 

2.46 

2.36 

22 

3.26 

3.12 

2.98 

183 

2.75 

2.67 

: 158 

150 

2.40 

2,31 

23 

3.21 

3.07 

2.93 

278 

2.70 

2.62 

! 2.54 

2.45 

135 

2.26 

24 

3.17 

3.031 

! 

189 

2.74 

2.66 

158 

1 149 

2.40 

131 

121 

25 

3.13 

2 . 99 ! 

185 

2.70 

2.62 

154 

1 145 

136 

2.27 

117 

26 

3.09 

2.96 

2,81 

2.66 

158 


2.42 

133 

2J!3 

113 

27 

3.06 

193 

2.78 

2.63 

155 

2.47 

2.38 

2.29 

2.20 

110 

28 

3.03 

1901 

2.75 


152 

2.4' 

135 

2.26 

117 


29 


1871 

173 

157 

2.49 

141 

1 133 

123 

114 


30 

2.98 

184 

KB! 

2.55 

2.47 

139 

i 2.30 

121 

111 

2.01 

40 

2.80 

1661 

152 

137 

2.29 

2.20 

111 

2.02 

1.92 

1.80 

60 

X63 

150! 

135 

2.20 

112 

2.03 

1.94 

l.8t 

1.73 

1.60 

120 

2.47 

1341 

119 

2.03 

1.95 

1.86 

1 1.76 

1.66 


1.38 

00 

132 

118 


1.88 

1.79 


1.59 

1.47 
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P'ART TYPE5MFR C 406'-'’ 
■SCREEN: IMO BURN TN 


LIFE TEST:l 

25 DEG C 

FAILURE data: 

HOURS= 2 

|TAILURES= 

HOURS= 8 

FAILURE'S^ 

HOURS= 16 

FAIUJRES= 

HOURS= 64 

FAILURES^ 

HOURS= 256 

FAILURES® 

HOURS- 1 000 

FAILURE'S® 

■SAMPLE SIZE 

= 75 

LOG ( HOURS ) 

'.t. 30103 

LOG ( HOURS ) 

C> . '?Ct309 

LOO ( HOURS ) 

i. 20412 

LOG (HOURS.' 

1 . 30618 

LOG ( HOURS ) 

2. 40824 

LOG ( HOURS ) 

’5 . OCiOOO 


ORIGINAL PAGE IS 
OF POOR QUALITY 


2' 

CUM. 

FAIL.® 


I 

CUM. 

FAIL.® 

4 

0 

CUM. 

FAIL.® 

4 

4 

CUM. 

FAIL.® 

i^i 

5 

CUM. 

FAIL.® 

1 

4 

CUM . 

FAIL.® 

17 


PROB I T r/.F A I LURES ) = 
FROB I T ( y.FA I LURES ) = 
PROB I T ( 7.FA I LURES ) = 
PROB I T r/.FA I LURES ) = 
i=-ROB I T ( y.FA I LURES ) = 
PROB I T ' y.FA I LURES ) = 


y. SUN. FAIL.= 
y CUM. FAIL.- 
y. SUM. FAIL.= 
y CUM, FAIL.= 10.66667 
y. :UM. FAIL.= 17.S3SSS 
y CUM. FAIL.= 22.66667 



4.05761 
4 . 24906 


RE'SULTS FOR 0.'75 CONFIDENCE INTERVAL WITH 4 DEGREES OF FREEDOM 
AMD “ OF 0.025 =* 2.76 

REGRESSION CONSTANT ESTIMATES: 

A= ’3.056079 
B= ;).401S94 

THE 0.'*'5 CONFIDENCE INTERVAL FOR 3 IS: 

0.295517C SBETA<. 0.5072702 

"HE :'.'-'5 CONFIDENCE INTERVAL FOR A IS: 

2.S40767 lAuPHA^ ■3.23l3'=>2 


estimate of '' GIVEN X: 

OF 'i.02l5 — 2. 76' 

■<= 50 

‘ X ) = 1 - 

:.7l‘30?a 

"'mE !:CNF:.DE^iC£ INTERVAL FOR ^HE ^EAN DF V/ <0 

. 44 _ sot -.IMEAN OF \ ' XO^ ? , ‘^426/. =’ROB I 


jF -AIlJREt 


'I I 


ijR hours 


:on!~i:ie>‘:e in'^epval fof '^hc: df v/'<r is: 

i*-:i:.237 :i^EAiM of //xo: 5. ’’Rob. 


■ir 


-.t;. . 


- :iF i - 4 ■= 

■ 2C NCI- RE.JE'r "HE REGRESS lOh MCDE. 


Figure 8 Semple Program Output 
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»JI lH 4 - 



ORIGINAL PAGE IS 
^ OF POOR QUALir/ 

10 ' ** 

15 ! *-R- LINEAR REGRESSION PROGRAM ** 

Z'.O ! •»•■«• ** 

25 ■ **it‘‘th**-»-w*'»*#**^^*************-«-««’*<-*#* 

30 ' 

35 ‘ WRITTEN 3Y: FRANK MOORE ORG: 2-3622 PH::3-P434 

40 I- LAST UPDATE: JULY 7. iPSl 
45 ‘ 

50 I THIS PROGRAM IS WRITTEN TO PROVIDE SIMPLE ;_INEAR PEC SESSION 
55 ! ANALYSIS FOR USER DEFINED DATA. OPTIONS EXIST TO ANALYZE 
4.0 ' PARTS SCREENING LIFE TEST DATA. THESE OPTIONS CONSIST OF MAKING 
e.5 ' THE DATA LINEAR BY COMPUTING THE LOG OF THE l-I^E TEST HOURS 
70 ' INCREMENT AND THE PROBIT 'SEE PROGRAM DOCUMENTATION) OF THE 
HE LINEAR REGRESSION 

30 ‘ CONSTANTS, THIS PROGRAM COMPUTES 'HE POINT AT WHICH 50/'. HF THE 
ANCE OF THE DATA. A MORE 

•=>0 ' DETAILED DESCRIPTION OF THE PROGRAM CAN 3E POUND IN THE PROGRAM 
95 ! DOCUMENTATION. 


1 00 

1 



105 

1 

) 

CONSTANTS AND VARIABLES DEFINITION 


1 i u 
1 15 

1 

A=L INEAR REGRESSION ESTIMATE 

A$=PART TYPE 

120 

1 

B=L INEAR REGRESSION ESTIMATE 

B$ “SCREEN # 

125 

1 

C=SUM X ( I ) 

Ct=LIFE TEST 

r30 

1 

D=SUM Y ( I ) 

D1=PR0BIT INTERCEPT 

} Y • I) 

!--SUM X'. I ) -2, 

VALUE OF F -OR DATA 

140 


F1=L0G DECISION FLAG, F OF ALPHA 

F2=PR0BIT DECISION FLAG 

145 


STATISTIC 

0=SUM /<D '-2 

1 5C' 

1 

I , J=CGUNTERS 

K1=SAMPLE SIZE 

155 

1 

L=SLOPE FOR INTERPOLATION 

M=LOWER CONFIDENCE BOUND 

1 oC' 

1 

N=# OF DATA POINTS 

N$=DECISIQ^ VARIABLE 

1A5 

1 

'='=UPPER CONFIDENCE BOUND 

P1=PRINT FLAG 

170 

1 

Q=ALPHA 

S=ESTIMATE OF SIGMA 

] 75 

1 

9 1=3 XX 

S2=SYY 

1 90 


S3=SXY 

T=‘T OF Ai.PHA/2 STATISTIC 

135 

1 

ri=3UM OF FAILURES, PROBIT 

T2=PR0BIT INTERPOLATION 

190 

1 

INTERPOLATION POINT 

X=ARB1TRARY >, VALUE 

1 *^5 

1 

XcSO)=X VALUE ARRAY 

/“RESULT OF X 

200 

1 

Y(50)=V VALUE ARRAY 

Y$=DEC I S I ON VAR I ABlE 

205 

I 

Z(47)=y. VALUES FOR PROBIT 


210 

215 

i 

\ 

CONVERSION 


220 

DIM X(50),Y(50) 


Ti er 
226 

PI 

1 

, = l 


230 
•7’"’ 1 

1 

ro .-'RINT TO SCREEN OR !*R INTER 



-•dint 


235 

OPEN "KBO: “ AS 

■MEW FILE 

17. 

240 

OPEN "KBl:" AS 

NEW >^ILE 

27. 

245 

PRINT "PRINTED 

RESULTS ■; 

Y OR 

250 

INPUT Y» 



255 

IF Y*="Y" THEN 

GOTO 270 


260 

IF Y»=«"N'‘ THEN 

GOTO 280 


265 

OCTO 245 



270 

t 1“2 



271 

1 



275 

• PART DATA 



27^ 

i 



230 

c-RINT "ENTER 

ART type:" 

• 

1 


INPUT A$ 



2‘=>0 

'=’RINT "ENTER SCREEN i*:"? 


2'^5 

INPUT B* 




N) " ; 


PRECEDING PAGE BLANK NOT FILMED 
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300 

PRINT 

"ENTER 

305 

\ 4 

INPUT 

1 

C$ 

3 1 0 

‘ INPUT DATA 

31 1 

i 


315 

PRINT 

"ENTER 

320 

INPUT 

M 

325 

PRINT 

"ENTER 

3:30 

INPUT 

Q 

335 

PRINT 

"ENTER 

340 

INPUT 

T 

342 

PRINT 

"ENTER 

343 

INPUT 

K1 

344 

PRINT 

"WARNI 

345 

PRINT 

"ENTER 

346 

FOR 1 = 

•1 TO :M 

350 

PRINT 

"ENTER 


INPUT 

X(I ) 

360 

PRINT 

"ENTER 

365 

INPUT 

Y( I ) 

370 

NEXT I 


371 



375 

' KEYS 

:TR0KE ! 


376 


ORIGINAL PAQI IS 
OF POOR QUALITY 


MODI-V POIMfi ? 


3S0 PRINT "DO YOU i/JISH TO CHANGE A VALUE iY 3R N) " ; 
385 INPUT Y$ 

390 IF Y»="Y" THEN GOSUB 2015 
HEM GOTO 410 

400 GOTO 380 

401 ' 

405 ' DISPLAY PART DATA 

406 ' 

410 PRINT #P1,"PART TYPE:";A$ 

415 PRINT #P 1 , " SCREEN s " ; B$ 

420 '=-RINT 4P1,"LIFE TEST:";C* 

425 PRINT #P1, 

477 !=-RINT '4Pl, 

478 PRINT #P1,"cAILURE DATA:" 

47«> t^'RINT #P1, 


506 ' 

510 ' MODIFY NASA DATA FOR STRAIGHT :_INE 

511 ' 

520 GOSUB 3020 

550 PRINT #P1, 

551 • 

555 ' PRINT ^ PARTS IN SCREEN 

556 I 

560 PRINT 4P 1 . " SANPLE S I ZE= " ! W. 1 


-AILS ,N 
■■■ OP ALP 


561 ‘ 

565 ' PRINT MODIFIED FAILURE DATA 
5c6 ' 

567 PRINT 4P1, 

570 FOR 1=1 TO N 

575 < ( I > =LOG ( X ( n ' ■ FOR -C‘G DATA 


580 NEXT I 

590 FOR 1=1 TO N 

595 PRINT #P 1 . " LOG ( HOURS ) " ? 

600 PR I NT 1*9 1 , US I NG " S# . ##### " , X ( I ) ? 

605 PR I NT #P 1 , " PROS I T ( */.FA I LURES ) = " ; 

610 PRINT 4P1, USING "S#. #♦»###". Y ( I 

615 NEXT I 

616 ' 

620 ■ SET UP HUMMING CONSTANTS 


AI6 



ORIGINAL PAGE IS 
OF POOR QUALITY 


621 ' 

625 C=0 
630 D=0 
635 E=0 
640 F=0 

645 G=0 

646 ' 

650 • CALCULATE NEEDED LATER 

651 ' 

655 i=’OR 1 = 1 TO N 

660 C=C+X ( I ) 

665 D=D+Y ( I ) 

670 E=E+X(I)*Y(I) 

675 F=F+X(I)-2 

690 G=0+Y ( I ) '2 ' 

685 NEXT I 

6'^0 ' PRINT CONFIDENCE INTEVAL VALUES 

661 ' 

665 PRINT #P1, 

700 PRINT #P1, 

705 PRINT #P1, "RESULTS FOR" ; 1-Q; "CONFIDENCE INTERVAL WITH" 
710 PRINT #P1," OF FREEDOM" 

715 »RINT #P1,"AND T OF" ; Q/2; ; T 

720 PRINT #P1, 

721 ' 

725 ! CALCULATE AND PRINT REGRESSION CONSTANTS A AND 3 

726 ' 

730 PRINT #P1, "REGRESSION CONSTANT ESTIMATES: ' 

735 3= ( ( N*E ) - ( C»D ) ) / ( ( N*F ) -C "-2 ) 

740 A=(D/N)-B*(C/N) 

745 PRINT #P1,”A=";A 

750 PRINT #P1,"B=";S 

751 ' 

755 ■ CALCULATE COVARIANCE AND VARIANCE ESTIMATES 
756' ' 

760 S1=F-(C'2/N) 

765 S2=G-(D'2/N) 

C*D)/N) ' '5XY 

775 S-SQR ( ( S2- ( B*S3 ) ) / ( N-2 ; 

776 ! 

780 ' CALCULATE AND PRINT A AND B CONFIDENCE INTERVALS 
791 ! 

795 M»B-( (T*S)/S1''.5) 

760 PssD-*- ( ( T*S ) / S 1 . 5 ) 

765 PRINT 4P1, 

900 PRINT #P1, "THE"? 1-Q; "CONFIDENCE INTERVAL FOR B IS?" 
905 PRINT #P1," "?M; " :E’ETAC"?P 

;510 M»A-( (T*S*(F -.5J ) / (N*Sl ) •' . 5) 

S 15 p=A-v( ^T*s*(F ".5) )/ (N*S1 ) -.5) 

920 PRINT #P1. 

925 PRINT l»Pl. "THE"? 1-0? "CONFIDENCE INTERVAL FOR A IS:" 
PRINT #P1," ";M? "':ALPHAC"?P 

935 ' 

940 ' CALCULATE Y GIVEN SOME ,<'■ 


:;UM 

:iF 

< ^ ; 

S JM 

Of 

V( 1 . 

SUM 

OF 

X( ’ ) 

SUM 

OF 

X ‘ I ; 

SUM 

OF 



N-2? "DEGREE 


COMPUTE B 
COMPUTE ^ 


XX 

YY 


ESTIMATE OF' 


'C‘4 ^ * 

*545 PRINT ‘DO 
*550 INPU'" 

*555 :F 
IF 

565 :’0T0 545 
*570 PFTNT ”19 
97? INPUT Yf 
98U :F 


YOU Uir5H TO FIND AN INTERVAL FOR 50ME ^EAN OF 


THEN OOTO 970 
THEN GOTO i035 




70 3E A”: 1-0? 


INTERVAL ■? 


u:*‘ 


HEN C'OTO “^20 


A17 



f 


I 


( 


3SIJ:' TF THEN GOTO '00 

390 C-OrO S70 
S'*' i ' 

■3--'‘z> ' CHANGE T OF ALPHA'? 

•■•’00 PRINT "ENTER NEW ALPHA • 

■■-’O? INPUT Q 

■-'10 OR I NT "ENTER T OF ALPHA' 

■o:* INPUT T 

•^20 ORiN^T "ENTER XO 'VALUE’' : 

•-'2“' INPUT X 
■’26 ' 

■••lO ' oroviSION oqr .aIASA rQ TAKE i.OG OF X 

’Ol ' 

•;'5 ’PINT "DO YOU NAr.’' ' • .OGIX^"! 

~l\; •nP.'"' 

'■■45 j- thCN ...J 

IF Y«-""N' THE^' Cu . '■•"0 
•?55 'jO'^Ci 5 35 
X=LOG . X) 

■?6 1 ' 

■■•’P5 ' 'lALIULATF. AND OUTPUT RESULTS 
'-'6 c 

?70 opiMT ,+F'l, 

•->75 PRINT #Pi, 

■’SO ORIN^ NPl, "E-ST I MATE 3F / 31 OEM ' 

■T'?^ PRINT #P1, 

•-,'.>11 op j\|T ttPi,''T OF" 5 0/2* " = " 5 T 

OO ' 

. DE'^ERMiNE / REGRESSION .INE 

^ (jijQ 

i':OT #Pl , “X~'‘ ^ lO 'X 

„'jlO -'RINT 4P1 , ■L00( X ) = *' ; X 
lO,*: ES‘’IMATE"=*'-J V 

- ■;• 1 6 ' 

: >20 ■ 30 DETERMINE lONFiDENCE IN ■' 


ORIGINAL PAGE IS 
OF POOR QUALITY 


GOSUB 4020 
102/ GOTC 
’ 027 ‘ 

■ DE'^ERrllNE X '^HEPE 507. OF -‘AR^S “AIl. 


0?5 5-^; 'B 

t.'wu r.'r [yrr itpt, 

.i«=* :‘C-v;r , 

‘jfv* z»c*T\j^ ^p :f 

• .',erir- 
I I*-* •. 


r ■ 


OML'R A" 


<; ‘HOURS" 


! .‘60 jO jETERMINE 

106 1 ’ 

. 06Z 'jOSUB ‘^020 
: Oc <: ’ 

i070 \£r r 7AUJE 

: >PI\JT 'ENTER - 

'15 p'-'i'r 

- ‘ ‘ C 

TALI'- LATE - 
. i OX PR IN*’ ^P t ♦ 


MNP’IDENCE :n ?ESUL '!N0 

'0 *ES^ OA^A XAPTANCE 
IiF -OR' l7 *!N-2; 

:iF jA*’A *0 :2''^PARE ’*0 -I 


OEGREES 


jF ^PErTDOl^** 


A18 



OfttQINAL PAGE IS 
OF POOR QU#1ITY 


i 

V 


( 


’105 =-RIMT -'♦PI. 

;.0 ^RINT #P1 , ■'ANALy= IS HF '.VARIANCE'” 
: I i.5 .='PIN‘‘ #Pi, 

1116 ' 

’ .20 ■ lAKE ':0hPARI6i:'N 


- J -I ; r 


•HEN jOTO ii-15 


: : 50 

••PINT 

•♦P 1 . 

■' 1 3? 

PRINT 

4P1, 

1 1^0 

'jOTH 1 

155 

1145 

PRINT 

#P1 , 

1 i'iO 

PRINT 

#Pi , 

:155 

PRINT 

"END 

1 \56 

J 


1160 

• CLOSE pc:- 

:l6i 



1165 

CLOSE 

17- 

1 i 70 

CLOSE 

27, 

1175 

END 


2000 

1 


2005 

i 


20 1 5 

PRINT 

"CHA 


.ESS 'HAN - jF ;L.-HA'1. '-N 

:CEPT H(. - RE-.'ECI THE R£GR£S'=. . j.' HODE^" 

5PEATER "'HAN • 'JF AL.,'HA'. i, ';N-j; ' 


♦* SUBROUTINE TO CHANGE DATA 


2020 INPUT N* 

20::5 IF N»»“Y" THEN 'jOTO 2045 
2030 IF N*»"N’‘ THEhi GOTO 2070 


2035 GOTO 2015 
20-'6 : 

2040 ■ FIND OUT .-JHICH < TO IHANGE 

204 1 ! 

2045 PRINT "ENTER I"? 

2050 INPUT 1 

2051 : 

2055 ' CHANGE IT 

2056 ' 

2060 PRINT "ENTER .< < I ) " 5 
2065 INPUT X(I) 

2070 PRINT "CHANGE Y"! 

2075 INPUT H% 

20:30 IF N*»"Y" THEN GOTO 2100 
20S5 IF N««"N'* THEN GOTO 2125 
2020 GOTO 2070 
20P 1 ' 

20R5 ' PIND OUT UHICH Y VALUE TO CHANGE 
20«>6 ' 

2100 PRINT "ENTER I"? 

2105 INPUT I 

2106 ' 

2110 • '2HANGE IT 

2111 ' 

2115 PRINT "ENTER Y(i)"? 

2120 INPUT Y<I) 

2125 RETURN 

3000 ' 

3005 ' SUBROUTINE ^0 ; NTERPOLATE ^POBITS i-* 

3010 ' 

3015 * VALUES 

3016 • 

3020 DIM Z(47> 

3025 2(l)«.0l07 
3030 2(2)-. 0139 
3035 I(3)».0179 
3040 Z(4)».022S 


A19 


■ ' f 


3045 Z(5)=.0287 
5050 Z(6)=.0359 
3055 Z(7)=.0446 

30-30 Z (8) =,.0548 ORIGINAL PAGE IS 

3065 Z ( 9 ) = . 0668 OF POOR QUALITY 

3070 2(10) =.0808 
3075 Z< 11)=. 0968 
3080 Z( 12)=. 1151 
3085 Z( 13)=. 1357 
3090 Z'. 14) = .1587 
3095 Z( 15)=. 1841 
3100 Z( 16) =.21 19 
3105 Z( 17)=. 2420 
3110 2(13)=.27^3 
3115 Za9) = .3085 
3120 Z (20)=. 3446 
3125 Z(21)=.382l 
3130 Z (22)=. 4207 
3135 Z (23)=. 4602 

3140 Z( 24) =.5000 

3141 ! 

3145 ' CALCULATE OTHER HALF OF TABLE 

3146 ! 

3150 FOR 1=25 TC 47 
3155 Z(I)=1-Z(4S-I) 

3160 NE)(T I 
3165 T1=0 
3181 ' 

3185 ! COMPUTE V. FAILURES AT EACH INCREMENT 

3186 I 

3190 FOR 1=1 TO N 
3195 T1=Y(I)+T1 
3200 Q5=Ti/Kl 
"CUM, FAIL.=";Tl; 

5202 PRINT #P1,TAB(47); ■••/. CUM. FAIL. ="; Q5* 100 
3203 Y(I)=Q5 
3205 NEXT I 
3210 1=1 

3215 ,J=1 

3216 I 

3220 ! SEARCH 7. VALUES IN TABLE TO FIND TWO VALUES .FOR 

3225 I INTERPOLATION 

3226 ! 

3230 IF YdKZd) THEN GOTO 3260 
3235 IF Y(I)<Z(J) THEN GOTO 3275 

3240 J=.J+1 

3241 ! 

3245 ' DONE WITH TABLE? 

3246 ! 

3250 IF J<»47 THEN GOTO 3230 

3251 ! 

3255 ! FOR VALUES OUTSIDE TABLE RANGE 

3256 ! 

3260 PRINT "Y(";l?") OUT OF PROBIT RANGE" 

3265 GOTO 3340 

3266 ! 

3270 ' COMPUTE PROBIT VALUES TO ACCOMPANY 7. VALUES FROM TABLE 

3271 ! 

5275 12=( J». , )+2.6 

3280 Tl»( ( J-1 )*. 1 )+2.6 

3281 ' 

3285 ! FIND SLOPE OF INTERPOLATION LINE 

3286 ! 


A20 


* 


3290 L=(T2-T1)/(Z(J)-Z(.J-1 ) ) 

3291 ! 

3295 i FIND INTERCEPT 

3296 ! 

3300 D J =T 1 - ( L* Z ( J- 1 ) ) 

3301 ! 

3305 ! FIND PROBIT VALUE 

3306 ' 

3310 Y(I)=L*Y(I>4-D1 

3315 1=1+1 

3316 ! 

3320 ! FINISHED WITH ALL Y'S? 

3321 ! 

3325 IF I<=N THEN GOTO 3215 
3330 RETURN 


ORIGINAL PAGE !S 
OF POOR 0"6 .«TY 


3335 

3336 


IN CASE OF ERROR CLOSE PRINT FILES 


3340 CLOSE 17. 
3345 CLOSE 27. 
3350 END 


4000 ! 

4005 ! SUBROUTINE TO FIND CONFIDENCE +* 

4010 ' INTERVAL FOR Y 

4015 ' 

4020 ' COMPUTE UPPER AND LOWER BOUNDS 

4021 ! 

4025 M=Y-(T-+S*( l + ( l/N) + ( ( ( X-C/N ) ••'-2 ) /SI) ) ) 

4030 P=Y+ ( T*S* ( 1 + ( 1 /N ) + (( ( X-C/N ) -' 2 ) /SI ) ) ) 

4031 ! 

4035 ! PRINT RESULTS 


•4036 ' 

4040 PRINT #P1. 

4045 PRINT #P1, "THE"; 1-Q? "CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO 
4050 PRINT #P1," ";M;"<MEAN OF Y/X0<" ; P; "PROBITS" 

#P1, 

4060 RETURN 


A21 



0180 - 26784-1 


APPENDIX B 

STATISTICAL ANALYSIS COMPUTER PRINTOUTS OF 
LIFE TEST LOG-NORMAL DISTRIBUTIONS 


B1 



PRECEDING PAGE BLANK NOT FILMED 


Ptti;T TYPE! MFR. B 4069 
screen: 1 - NO BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 


HOURS 

- 

.il 

FAILURES* 

3 

CUM. FAIL. 

= 


•/. 

CUM. FAIL. 

=S 

H 

HOURS 



FAILURES* 

2 

CUM. FAIL. 



V 

UJM. FAIL. 


6 , 6 

HOURS 

- 

16 

FAILURES* 

•-I 

CUM. FAIL 


7 

•/. 

CUM. FAIL. 

sz 

9 . 3 

HOURS 

= 

64 

FAILURES* 

10 

CUM . FAIL. 


17 

>1 

CUM. FAIL. 

= 

22 ■ 

HOURS 

= 

2!:" 6 

FAILURES* 

1 

CUM. FAIL. 


IS 

7. 

CUM. FAiL. 


24 

HOURS 

2S 

loOO 

FAILURES* 

3 

CUM. KAIL. 


21 

>1 

CUM. rA.L. 


1 ~{ 

HOURS 

s: 

200() 

FAILURES* 

z* 

CUM. FAIL. 

= 

24 

7. 

CUM . f- A I L . 

— 

32 

HiIiURS 

= 

4U00 

FAILURES* 

10 

CUM. FAIL. 


o4 

/• 

*UM . 1“ A i L . 


3 . 


coc'G/ 
iSsSSio 
c>o66 7 


SAMPLE SIZE.= 75 


50V. OF FAILURES OCCUR AT 10995.29 HOOKS 

THE O.'^S CONFIDENCE INTERVAL FOR THE MEAN UF Y/XU iS: 

4.48413S CMEAN OF Y/XO< 5.515S62 PRUbiTS 


i-NAi_YSIS OF VARIANCE: 


r— 1 i.iM, '.>SS5 
■ tr.K'E r IjKE EIO 


IS ISREATER THAN F OF ALPHA! 1, 6 
NOT HEoECT THE REGRESSION MODEL 


5. 9V 



ORIGINAL PAGE IS 
OF POOR QUALiri 


PART TYPE: MFR. B 4069 
screen: 2 - 70 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FA' LURE DATA: 


HOURS= 


FAILURES* 

13 

CUM. FAIL.- 

13 

•/. 

CUM. FAIL.* 

1 7 . 33333 

HOURS= 

8 

FAILURES* 

1 

CUM. FAIL.* 

14 

7. 

CUM. I'l-. iu.= 

1 3 • 66667 

HOURS= 

16 

FAILURES* 

4 

CUM. FAIL.* 

13 

•/ 

/• 

CUM. FAIL.* 

24 

HOURS= 

64 

FAILURES* 

0 

CUM. FAIL.* 

18 

7. 

CUM. FAIL.* 

24 

HOURS= 

256 

FAILURES* 

3 

CUM. FAIL.* 

21 

•/. 

CUM. FAIL.* 


HOURS= 

1000 

FAILURES* 

0 

CUM. FAIL.* 

21 

•/. 

CUM. FAIL.* 

-fO 

HOURS* 

2000 

FAILURES* 

3 

CUM. FAIL.* 

24 

•/. 

CUM. FAIL.* 

32 

HOURS* 

4000 

FAILURES* 

14 

CUM. FAIL.* 

33 

7. 

CUM. FAIL.* 

50. 6666 7 


SAMPLE SIZF= 75 


507. OF FAILURES OCCUR AT 75849.9 HOURS 


THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS* 

4.2669 <MEAN OF Y/XO< 5.7331 PROBITS 


ANALYSIS OF VARIANCE: 

F= 19.16555 IS GREATER THAN F OF ALPHAd, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


PART TYPE:MFR. B 4069 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 7 

CUM. FAIL.* 

7 

7. CUM. FAIL.* 


HOURS* 

8 

FAILURES* 0 

CUM. FAIL.* 

7 

7. CUM. FAIL.* 

9 • 333333 

HOURS* 

16 

FAILURES* 0 

CUM. FAIL.* 

7 

7. CUM. FAIL.* 

9.333333 

HOURS* 

64 

FAILURES* 0 

CUM. FAIL.* 

7 

7. CUM. FAIL.* 

V . ..533333 

HOURS* 

256 

FAILURES* 2 

CUM. FAIL.* 

9 

7. CUM. FAIL.* 

12 

HOURS* 

1000 

FAILURES* 0 

CUM. FAIL.* 

9 

7. CUM. FAIL.* 

12 

HOURS* 

2000 

FAILURES* 6 

CUM. FAIL.* 

15 

7. CUM. FAIL.* 

20 

HOURS* 

4000 

FAILURES* 2 

CUM. FAIL.* 

17 

7. CUM. FAIL.* 

22.66667 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0. 14*'9715E+10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.052571 <MEAN OF Y/XO< 6.947429 PROBITS 


ANALYSIS OF VARIANCE: 

F= 15.66381 IS GREATER THAN F OF ALPHAd, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B5 


Cu CO CO 



ORIGINAL PAGE IS 
OF POOR QUALITY 


- ; ; MFR. B 4069 

U i - Nij ctURN IiN 
L !'" r TF'.-T: 7 o pCfirC- 


FATLIJ'-'i I.iFlA: 


HOURS- 


- ^ILURES- 

4 


h m 1.- . 


4 

2 ' ‘jr. 

r H i. L- . 

HUUR •; - 


r i4 L LURES® 

1 

J-. • 

f“ i-n 1 L, • 


I* 

/, 1 • • 

, j. U • 

HOURS = 

■- -2 

FAiTJJRES® 

1 

CUM. 


- 


*/ j 1 ij’’’ 

r" 1 L_ . 

HUUR3= 


FAILURES--^ 


C Ji'i . 

phIL. 

= 

.V 

/. 1 • 

C . 

Ri'ii.lRS= 


:■ -■ . '..ORES® 

jL 

1- ! - 

pAiL. 

- 

1 1 

CUM. 

F A i u - 

HOURS- 

inOO 

failures® 

4o 


FAIL. 

a: 

• 1- 

«• . 

p A iL. 

HOURS= 


FAILURES® 

2 

CUM. 

r A 1 L . 

- 

- 

>: CUM. 

r . u . 

HOURS= 

40O0 

FAILURES® 

•2* 

L.ijn , 

Fa i l • 

- 



F H 1 L. . 


•iAMPLlH SIZE= 75 


5 0 V. 0 K I - J L L R E S O C C UR AT 6 0 5 .3017 H G U R S 

THE 0.75 CONFIDENCE INTERVAL FOR FHE MEAN OF Y/XO 13: 

3.754835 iMir'AN OF Y/XOC 6.245115 PRGBno 


ANALYSIS OF VARIANCE: 

F= 36.55207 IS GREATER THAN F OF ALPHAU., 6 )- b-V-- 
fHEREFoRE DO NOT REJECT THE TYEGRESSIUN 'MODEL 


B6 



PART TYPE! MFR. B 4069 
SCREEN: 2 - 70 DEG C BURN IN 
LIFE TEST: 70 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 14 

CUM. FAIL.* 

14 

7. CUM. FAIL.* 

IS. 666S 7 

HOURS* 

8 

FAILURES* 0 

CUM. FAIL.* 

14 

7. CUM. FAIL.* 

18. 66667 

HOURS* 

16 

FAILURES* 0 

CUM. FAIL.* 

14 

7. CUM. FAIL.* 

IS. 66667 

HOURS* 

64 

FAILURES* 21 

CUM. FAIL.* 

35 

7. CUM. FAIL.* 

46. 66667 

HOURS* 

256 

FAILURES* 3 

CUM. FAIL.* 

38 

7. CUM. FAIL.* 

50. 66667 

HOURS* 

1000 

FAILURES* 0 

CUM. FAIL.* 

33 

7. CUM. FAIL.* 

50. 66667 

HOURS* 

2000 

FAILURES* 1 

CUM. FAIL.* 

39 

7. CUM. FAIL.* 

52 

HOURS* 

4000 

FAILURES* 3 

CUM. FAIL.* 

47 

7. CUM. FAIL.* 

62. 66667 


SAMPLE SIZE* 75 


507. OF FAILURES OCCUR AT 653.4605 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS! 

4.413523 <MEAN OF Y/XO< 5.5S6477 PROBITS 


ANALYSIS OF VARIANCE: 

F= 37.78726 IS GREATER THAN F OF ALPHAU. 6 )* 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B7 



PART TYPE: MFR. B 4069 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 70 DEG C 


FAILURE DATA: 


HOURS= 

2 

FAILURES® 3 

CUM. FAIL.® 

.Jt 

y. CUM. FAIL.® 

4 

HOURS= 

S 

FAILURES® 1 

CUM. FAIL.® 

4 

y. CUM. FAIL.® 

5 • ^si*o3oo 

HOURS® 

16 

FAILURES® 1 

CUM. FAIi_.= 

5 

y. CUM. FAIL.® 

4- 666667 

HOURS® 

64 

FAILURES® 3 

CUM. FAIL.® 

8 

y. CUM. FAIL.® 

10, 66667 

M. FAIL.® 12 

y. CUM. FAIL.® 

16 




HOURS® 

1000 

FAILURES® 6 

CUM. FAIL.® 

18 

y. CUM. FAIL.® 

24 

HOURS® 

2000 

FAILURES® 3 

CUM. FAIL.® 

21 

CUM. FAIL.® 

28 

HOURS® 

4000 

FAILURES® 11 

CUM. FAIL.® 

32 

y. CUM. FAIL.® 

42 • 6666 7 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 27765.75 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.555573 <MEAN OF Y/XO< 5.444427 PRGBIT3 


ANALYSIS OF VARIANCE: 

F= 177.2985 IS GREATER THAN F OF ALPHA! 1, 6 )» 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B8 



ORIGINAL PAGE IS 
OF POOR QUALITY 


pCiRT I/PE: MFR. B 4069 
SCREEN: 1 - NO BURN IN 
LIFE TEST: 125 DEG C 


FAlLl.iRE DATA: 



yL 

FAILURES= 

4 

CUM. FAIL.* 

4 

7* 

CUM. FAIL.* 

b. 

HOURS= 


FAILUR£S= 

2 

CUM. FAIL.* 


>1 

.JJM. FAIL.* 

8 

HOURS= 

16 

FAILURES= 

0 

CUM. FAIL.* 

i- 

V. 

CUM. FAIL.* 

y 

HOURS= 

64 

FAILURES= 


CUM . F A i L . = 

9 

>1 

CUM. FAIL.* 

12 

HOURS= 

256 

FAILURES= 

36 

CUM. FAIL.* 

4S 

% 

CUM. FAIL.* 

6i.) 

HQURS^ 

1000 

FAILURES^ 

0 

CUM. FAIL.* 

45 

V. 

CUM. FAIL.* 

6U 

HOUR:i;= 

2000 

FAILURES^ 

4 

CUM. FAIL.* 

49 

V. 

cun. FAIL.* 

65 

HOURS* 

4000 

FAILURES* 

9 

CUM. FAIL.* 

58 

y. 

CUM. FAIL.* 

7 7 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 495.4287 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.105295 lMEAN OF Y/XO< 5.894705 PRoBITS 


ANALYSIS OF VARIANCE: 

F» 63.32523 IS GREATER THAN F OF ALPHA! 1, 6 )» 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B9 



PART TYPE! MFR. B 4069 
•SCREEN: 2 - 70 DEG C BURN IN 
LIFE TE-ST!125 DEG C 


FAILURE DATA! 


HOURS® 

2 

FAILURES® 

12 

CUM. FAIL. 

S 

12 

•/. CUM. FAIL. 

= 

16. 

HOURS® 

8 

FAILURE’S® 

0 

CUM. FAIL. 

% 

12 

•/: CUM. FAIL. 

S 

16 

HOURS® 

16 

FAILURES® 

12 

CUM. FAIL. 

s 

24 

•/. CUM. FAIL. 

s: 

32 

HOUR'S® 

64 

FAILURES® 

CT 

CUM. FAIL. 

3S 

29 

7. CUM. FAIL. 

a 

33. 66667 

HOURS® 

256 

FAILURES* 

b 

CUM. FAIL. 

an 

37 

*/. CUM. FAIL. 

a 

49.33333 

HOURS® 

1000 

FAILURES® 

4 

CUM. FAIL. 


41 

7. CUM. FAIL. 

a 

54 • 66667 

HOURS® 

2000 

FAILURES® 


CUM. FAIL. 

s 

43 

7. CUM. FAIL. 

a 

57 . 

HOURS® 

4000 

FAILURES® 

3 

CUM. FAIL. 


51 

7. CUM. FAIL. 

a 

63 


SAMPLE SIZE® 75 


50*/. OF FAILURES OCCUR AT 431.4323 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.617801 <MEAN OF Y/XO< 5.3‘8219<> PROBUS 


ANALYSIS OF VARIANCE: 

F« 106.635 IS GREATER THAN F OF ALPHAd. 6 5,99 

THEREFORE DO NOT REJECT THE REGRESSION MODEL 


BIO 


PART TYPE: MFR. B 4069 

screen: 3 - 125 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE data: 


HOURS® 

2 

FAILURES® 46 

CUM. FAIL. 

m 

46 

7. CUM 

HOURS® 

8 

FAILURES® 0 

CUM. FAIL. 

3 

46 

7. CUM 

HOURS® 

16 

FAILURES- 6 

CUM. FAIL. 

M 

52 

% CUM 

HOURS® 

64 

FAILURES® 10 

CUM. FAIL. 

S 

62 

7. CUM 

HOURS® 

256 

FAILURES® 10 

CUM. FAIL. 

a 

72 

7. CUM 


FAIL.® 61. 
FAIL.® 61. 
FAIL.® 69. 
FAIL.® 82.66667 
FAIL.® 96 


SAMPLE SIZE® 75 


507. OF FAILURES OCCUR AT 1.81639 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.666272 <MEAN OF Y/XO< 6.333728 PROBITS 


ANALYSIS OF VARIANCE: 

F- 20.09286 IS GREATER THAN F OF ALPHAd, 3 )- 10.13 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


Bll 


ft 


CO CO CO 



PART TYPE: MFR. C 4069 
screen: 1 NO BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 

HOURS- 256 FAILURES- 1 CUM. FAIL.- 1 */. CUM. FAIL.- 1.333333 

HOURS- 1000 FAILURES- 1 CUM. FAIL.- 2 */. CUM. FAIL.- 2.666667 

HOURS- 2000 FAILURES- 1 CUM. FAIL.- 3 */. CUM. FAIL.- 4 

SAMPLE SIZE- 75 


50V. OF FAILURES OCCUR AT 5327106 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-4.316704 <MEAN OF Y/XO< 14. 3167 PROBITS 


ANALYSIS OF VARIANCE: 

F- 274.8725 IS GREATER THAN F OF ALPHAd. 1 )- 161.4 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B12 



t 


PART TYPE: MFR. C 4069 
screen: 2 > 70 DEO C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 


HOURS- 

2 

FAILURES- 

1 

CUM. FAIL.- 

1 

X 

CUM. FAIL.- 

1 . 333333 

HOURS- 

3 

Fr^ILURES- 

0 

CUM. FAIL.- 

1 

7. 

CUM. FAIL.- 

1 . 333333 

HOURS- 

16 

FAILURES- 

0 

CUM. FAIL.- 

1 

•/. 

CUM. FAIL.- 

1 . 333333 

HOURS- 

64 

FAILURES- 

0 

CUM. FA^' .» 

1 

•/. 

CUM, FAIL.- 

1 . 333333 

HOURS- 

256 

FAILURES- 

4 

CUM. FH4i_.— 

5 

7. 

CUM. FAIL.- 

6. 666667 

HOURS- 

1000 

{••AILURES- 

0 

CUM. FAIL.- 

5 

% 

CUM. FAIL.- 

6. 666667 

HOURS- 

2000 

FAILURES- 

0 

CUM. FAIL.- 

5 

7. 

CUM. FAIL.- 

6.666667 

HOURS- 

4000 

FA I LURES- 

1 

CUM. FAIL.- 

6 

X 

CUM. FAIL.- 

3 


SAt-PLE SIZE- 75 


50% OF FAILURES OCCUR AT 0. 1659067L+09 HOURS 


THE 0.93 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.894391 <MEAN OF Y/XO< 7.105609 PROBITS 


ANALYSIS OF VARIANCE: 

F- 29.1328 IS GREATER THAN F OF ALPHA! 1, 6 5.99 

THEREFORE DO NOT REJECT THE REGRESSION MODEL 


613 


i 


PART TYPE: MFR. C 4069 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST; 40 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 

3 

CUM. FAIL.* 

3 

7. CUM. FAIL.* 

4 

HOURS* 

3 

FAILURES* 

1 

CUM. FAIL.* 

4 

7. CUM. FAIL.* 

5, 333333 

HOURS* 

16 

FAILURES* 

2 

CUM. FAIL.* 

6 

7. CUM. FAIL.* 

8 

HOURS* 

64 

FAILURES* 

1 

CUM. FAIL.* 

7 

7. CUM. FAIL.* 

9. 333333 

HOURS* 

256 

FAILURES* 

1 

CUM, FAIL.* 

S 

7. CUM. FAIL.* 

10.66667 

HOURS* 

1000 

FAILURES* 

3 

CUM. FAIL.* 

11 

V. CUM. FAIL.* 

14. 66667 

HOURS* 

2000 

FAILURES* 

4 

CUM. FAIL.* 

15 

7. CUM. FAIL.* 

20 

HOURS* 

4000 

FAILURES* 

2 

CUM. FAIL.* 

17 

7. CUM. FAIL.* 

22. 66667 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 2549885 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.489834 <MEAN OF Y/XO< 5.510166 PROBITS 


ANALYSIS OF VARIANCE: 


F= 171.6581 IS GREATER 
THEREFORE DO NOT REJECT 


THAN F OF ALPHAd, 6 
THE REGRESSION MODEL 


)» 5.99 


B14 



PART TYPES MFR. C 4069 
SCREENS 2 - 70 DEG C BURN IN 
LIFE TESTS 70 DEG C 


FAILURE DATAS 


HOURS- 


FAILURES- 

3 

CUM. 

FAIL.- 

3 

V. CUM. 

FAIL.- 

4 

HOURS- 

8 

FAILURES- 

0 

CUM. 

FAIL.- 

3 

•/. CUM. 

FAIL.- 

4 

HOURS- 

16 

FA I LURES- 

0 

CUM. 

FAIL.- 

3 

% CUM. 

FAIL.» 

4 

HOURS- 

64 

FAILURES- 

1 

CUM. 

FAIL.- 

4 

y. CUM. 

FAIL.- 

5.333333 


7. CUM. FAIL.- 8 
SAMPLE SIZE- 75 


50V. OF FAILURES OCCUR AT 0. 1644756E+12 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO ISs 

-4.510406 <MEAN OF Y/XC< 14.51041 PROBITS 


ANALYSIS OF VARIANCES 

F» 12.09641 IS GREATER THAN F OF ALPHAd. 3 )» 10.13 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


BIS 



PART TYPE* MFR. C 4069 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 70 DEG C 


FAILURE DATA: 


HOURS- 

256 

failukes- 

3 

CUM. FAIL.* 

3 

X CUM 

HOURS- 

1000 

FAILURES- 

1 

CUM. FAIL.* 

4 

7. CUM 

HOURS- 

2000 

FAILLIRES- 

0 

CUM. FAIL.* 

4 

7. CUM 

HOURS- 

4000 

PAILURES- 

1 

CUM. FAIL.* 

5 

7. CUM 


FAIL.* 4 
FAIL.* 5.3333 
FAIL.* 5.3333 
FAIL.* 6.666667 


SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 0. 2388573E+12 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-7.653863 CMEAN OF Y/XO< 17.6U386 PROBITS 


ANALYSIS OF VA?»IANCE: 

F- 27.6256 IS GREATER THAN F OF ALPHAd, 2 )» 18.51 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B16 


CO CO 



PART type: MFR. C 4069 

SCREEN: 1 - NO BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA. 

FAILURES- 3 CUM. FAIL.- 3 V. CUM. FAIL.- 4 

FAILURES- 1 CUM. FAIL.- 4 ’/. CUM. FAIL.- 5.333333 

FAILURES- 0 CUM. FAIL.- 4 % CUM. FAIL.- 5.333333 

FAILURES- 4 CUM. FAIL.- S */. CUM. FAIL.- 10.66667 

FAILURES- 5 CUM. FAIL.- 13 % CUM. FAIL.- 17.33333 

FAILURES- 4 CUM. FAIL.- 17 7. CUM, FAIL.- 22.66667 

FAILURES- 1 CUM. FAIL.- IS 7. CUM. FAIL.- 24 

SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 105057.8 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.486964 <MEAN OF Y/X0< *5.513036 PROBITS 


ANALYSIS OF VARIANCE: 

F- 175.6419 IS GREATER THAN F OF ALPHAd, 5 )» 6.61 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


HOURS- 2 
HOURS- 3 
HOURS- 16 
HOURS- 64 
HOURS- 256 
HOURS- 1000 
HOURS- 2000 


B17 



PART TYPE* MFR. C 4069 
SCREEN! 2 - 70 DEG C BURN IN 
LIFE TEST! 125 DEG C 


FAILURE DATA! 


HOURS- 

9 

FAILURES- 

1 

CUM. FAIL. 

as 

1 

7. 

CUM. FAIL.- 

1 . 333333 

HOURS- 

16 

FAILURES- 

1 

CUM. FAIL. 

‘St 


7. 

CUM. FAIL.- 

2 . 66666 7 

HOURS- 

64 

FAILURES- 

dm 

CUM. FAIL. 

SB 

4 

•/ 

CUM. FAIL.- 

5.333333 

HOUPS- 

256 

FAILURES- 

7 

CUM. FAIL. 

as 

11 

7. 

CUM. FAIL.- 

14.66667 

H0UF:S« 

1000 

FAILLIRES- 

5 

CUM. FAIL. 

m 

16 

% 

CUM. FAIL.- 

21.33333 

HOL'RS- 

2000 

FA I LURES- 

9 

CUM. FAIL. 

sat 

25 

7. 

CUM. FAIL.- 

33 . 33333 


SAMPLE SIZE* 75 


507. OF FAILURES OCCUR AT 9581.721 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO I Si 

4.591604 <MEAN OF Y/XO< 5.408396 PROBITS 


ANALYSIS OF VARIANCE! 

F» 406.3059 IS GREATER THAN F OF ALPHAd. 4 )» 7.71 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B18 



PART TYPE: MFR. C 4069 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS- 

8 

FAILURES- 1 

CUM. FAIL.- 

1 

7. CUM. FAIL.- 

1 . 

HOURS- 

16 

FAILURES- 1 

CUM. FAIL.- 

2 

7. CUM. FAIL.- 

2.666667 

HOURS- 

64 

FAILURES- 0 

CUM. FAIL.- 


7. CUM. FAIL.- 

2.666667 

HOURS- 

256 

FAILURES- 10 

CUM. FAIL.- 

12 ' 

7. CUM. FAIL.- 

16 

HOURS- 

1000 

FAILURES- 2 

CUM. FAIL.- 

14 

7. CUM. FAIL.- 

13.66667 

HOURS- 

2000 

FAILURES- 1 

CUM. FAIL.- 

15 

7. CUM. FAIL.- 

20 

HOURS- 

4000 

FAILURES- 2 

CUM. FAIL.- 

17 

7. CUM. FAIL.- 

22.66667 


SAMPLE SIZE* 75 


50*/. OF FAILURES OCCUR AT 49491.57 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.952482 <MEAN OF Y/XO< 6.047518 PROBITS 


ANALYSIS OF VARIANCE: 

F» 52.50274 IS GREATER THAN F OF ALPHAd, 5 )» 6.61 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B19 



PART TYPE:MFR. D 741 
SCREEN: 1 - NO BURN IN 
LIFE TEST! 40 DEO C 


FAILURE data: 


HOUR'S^ 

o 

FAILURES* 2 

CUM. FAIL.* 


Vm 

CUM. 

FAIL.* 

2 . 666667 

HOURS* 

8 

FAILURES* 0 

CUM. FAIL.* 


7. 

CUM. 

FAIL.* 

2* 6^^6667 

HOURS* 

16 

FAILURES* 0 

CUM. FAIL.* 

2 

7. 

CUM. 

FAIL.* 

2-666667 

HOURS* 

64 

FAILURES* 0 

CUM. FAIL.* 


7. 

CUM. 

FAIL.* 

2, 666667 

M. FAIL.* 2 

7. CUM. FAIL.* 

2.666667 






HOURS* 

1000 

FAILURES* 0 

CUM. FAIL.* 


7. 

CUM. 

FAIL-* 

2. ‘i-6<?667 

HOURS* 

2000 

FAILURES* 6 

CUM. FAIL.* 

S 

V, 

CUi’i . 

FAIL.* 

10, 66667 

HOURS* 

4000 

FAILURES* 2 

CUM. FAIL.* 

to 

7. 

CUM. 

FAIL.* 

13,33333 

SAMPLE 

SIZE* 

75 







50V. OF 

FAILURES OCCUR AT 0.2 

7S9069E+11 HOURS 





THE 0.5 

>5 CONFIDENCE INTERVAL 

FOR THE MEAN 

OF 

Y/XO IS: 




-0.23S0276 <riEAN OF Y/X '< 10.23803 PROBITS 


ANALYSIS JDF VARIANCE: 

F= 6.217214 IS GREATER THAN F OF ALPHA (1, 6 )= 5.99 
THEREFORE DO NOT REuECT THE REGRESSION MODEL 


B20 



PART TYPE: MFR. D 741 
screen: 2 - 70 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 

1 

CUM. FAIL. 


1 

*/. CUM. FAIL. 

= 


HOURS* 

3 

FAILURES* 

0 

CUM. FAIL. 

a 

1 

7. CUM. FAIL. 

3 

i • 333333 

HOURS* 

16 

FAILURES* 

0 

CUM. FAIL. 


1 

•/. CUM. FAIL. 

S 

A • 00^000 

HOURS* 

64 

FAILURES* 

0 

CUM. FAIL. 

« 

1 

•/. CUM. FAIL. 

= 

1 • 333333 

HOURS* 

256 

FAILURES* 

0 

CUM. FAIL. 

35 

1 

•/. CUM. FAIL. 

= 

1 • 333333 

HOURS* 

1000 

FAILURES* 

1 

CUM. FAIL. 

S 

A 

7. CUM. FAIL. 

3 

2.666667 

HOURS* 

2000 

FAILURES* 

1 

CUM. FAIL. 

ss 

3 

7. CUM. FAIL. 

3 

4 

HOURS* 

4000 

FAILURES* 

2 

CUM. FAIL. 

3 

5 

7. CUM. FAIL. 

S 

6. 666667 


SAMPLE SIZE* 75 


50y. OF FAILURES OCCUR AT 0. 5177957E+13 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-0.78S&196E-01 <MEAN OF Y/XO< 10.078S6 PROBITi 


ANALYSIS OF VARIANCE: 

F= 13.00401 IS GREATER THAN F OF ALPHAd. 6 )» 5.99 
EL 



PART type: MFR. D 741 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA; 


HOURS= 

2 

FAILURES* 

1 

CUM. FAIL.* 

1 

V. CUM. FAIL 

HOURS= 

3 

FAILURES* 

0 

CUM. FAIL.* 

1 

V. CUM. FAIL 

HOURS* 

1'':. 

FAILURES* 

0 

CUM. FAIL.* 

1 

V. CUM. FAIL 

HOURS* 

64 

FAILURES* 

0 

CUM. FAIL.* 

1 

/. CUM. FAIL 

HOURS* 

256 

FAILURES* 

0 

CUM. FAIL.* 

1 

V. CUM. FAIL 

HOURS* 

1 UOO 

FAILURES* 

0 

CUM. FAIL.* 

1 

V. CUM. FAIL 

HOURS* 

2000 

FAILURES* 

o 

A. 

CUM. FAIL.* 

3 

V. CUM. FAIL 

HOURS* 

4000 

FAILURES* 

1 

CUM. FAIL.* 

4 

V. CUM. FAIL 


SAMPLE SIZE= 75 


50V. OF FAILURES OCCUR AT 0. 1448615E+17 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-4.59702S <MEAN OF Y/XO< 14.59703 PROBITS 


ANALYSIS OF VARIANCE: 


F= 6..1S0262 IS GREATER 
THEREFORE DO NOT REJECT 


THAN F OF ALPHA! 1, 6 
THE REGRESSION MODEL 


99 



B22 


i 



33333s 


cn ^ 



PART TYPE: MFR. D 741 
•=:CREEr4: I - NO BURN IN 
LIFE test: 70 DEO C 


FAILURE DATA; 


HOURS* 


FAILURES* 2 

CUM. 

FAIL.* 


V. 

CUM. 

FAIL. = 

2 • 666o67 

HOURS* 

3 

FAILURES* 0 

CUM. 

FAIL.* 


■/. 

CUM. 

FAIL.* 

^ > 6666^ 7 

HOURS* 

16 

FAILURES* 0 

CUM. 

FAIL.* 

2 

V. 

CUM . 

FAIL.* 

2 • 66666 / 

HOURS* 

64 

FAILURES* 1 

CUM. 

FAIL.* 

3 

V. 

CUM. 

FAIL. * 

4 

HOURS* 

256 

FAILURES* 2 

CUM. 

FAIL.* 

5 

V. 

CUM. 

FAIL.* 

6.666C-67 

HOURS* 

1 000 

FAILURES* 1 

CUM. 

FAIL.* 

6 

V. 

CUM. 

FAIL.* 

3 


7. CL.1. FAIL.= 9.333333 


SAMPLE SIZE* 75 


50V. OF FAILURES OCCUR AT 0. 1 169475E+10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.379212 <MEAN OF Y/XO< 6.6*'07SS PROBITS 


ANALYSIS OF VARIANCE: 

F* 67.52799 IS GREATER THAN F OF ALPHAd. 5 )= 6.61 
THEREFORE PO NOT REJECT THE REGRESSION MODEL 


B23 



PART TYPE; MFR. D 741 
screen; 2 - 70 DEO C BURN IN 
LIFE TEST; 70 DEO C 


FAILURE DATA; 


HOURS- 


FAILURES- 3 

CUM. FAIL.- 

3 

7. CUM. FAIL.- 

4 

HOURS- 

3 

FAILURES- 0 

CUM. FAIL.- 

3 

7. CUM. FAIL.- 

4 

HOURS- 

16 

FAILURES- 0 

CUM. FAIL.- 

3 

7. CUM. FAIL.- 

4 

HOURS- 

64 

FAILURES- 0 

CUM. FAIL.- 

3 

7. CUM. FAIL.* 

4 

HOURS- 

256 

FAILURES- 4 

CUM. FAIL.- 

7 

7. CUM. FAIL.- 

9. 333333 

HOURS- 

1000 

FAILURES- 1 

CUM. FAIL.- 

3 

X CUM. FAIL.- 

10.66667 

HOURS- 

2000 

FAILURES- 1 

CUM. FAIL.- 

9 

7. CUM. FAIL.- 

12 

HOURS- 

4000 

FAILURES- : 

CUM. FAIL.- 

10 

7. CUM. FAIL.- 

13.33333 


SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 0. 36291 53E+09 HOURS 


THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS; 

3.546716 <MEAN OF Y/XO< 6.453234 PKOBITS 


ANALYSIS OF VARIANCE; 


F= 41.85142 
THEREFORE DO 


IS GREATER THAN F OF ALPHA! 1, 6 
NOT REJECT THE REGRESSION MODEL 


5.99 


B24 




PART type: MFR. D 741 

SCREEN:? - 125 DEG C BURN IN 
LIFE TEST: 70 DEO C 


FAILURE DATA: 


HOURS* 

2 

FAILURES* 

1 

CUM. FAIL.* 

1 

7. 

CUM. FAIL. 

a: 

1 • 333333 

HOURS* 

8 

FAILURES* 

0 

CUM. FAIL.* 

1 

7. 

CUM. FAIL. 

= ’ 

1 . 333333 

HOURS* 

16 

FAILURES* 

0 

CUM. FAIL.* 

1 

7. 

CUM. FAIL. 

z 

1 • 

HOURS* 

64 

FAILURES* 

0 

CUM. FAIL.* 

1 

7. 

CUM. FAIL. 

3 

1 . 333333 

HOURS* 

256 

FAILURES* 

3 

CUM. FAIL.* 

4 

7. 

CUM. FAIL. 

= 

5. 333333 

HOURS* 

1000 

FAILURES* 

0 

CUM. FAIL.* 

4 

7. 

CUM. FAIL. 

a 

5.333333 

HOURS* 

2000 

FAILURES* 

0 

CUM. FAIL.- 

4 

7. 

CUM. FAIL. 

= 

5o 333333 

HOURS* 

4000 

FAILURES* 

1 

CUM. FAIL.* 

5 

7. 

cun. FAIL. 

a 

6.666667 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0. 278538 1E+ 10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.634375 CMEAN OF Y/XO< 7.365625 PRUBITS 


ANALYSIS OF VARIANCE: 

F» 30.38031 IS GREATER THAN F OF ALPHA! 1, 6 )* 5.9‘7 
THEREFORE DO NOT KEOECT THE REGRESSION MODEL 


m 


PART TYPES MFR. D 741 
SCREENS 1 - NO BURN IN 
LIFE TESTS 125 DEG C 


FAILURE DATAS 


HOURS- 


FAILURES- 

2 

CUM. FAIL. 



7. CUM. FAIL. 

a 

2.666667 

HOURS- 

3 

FAILURES- 

0 

CUM. FAIL. 

a 

2 

7. CUM. FAIL. 

3 

2. 666667 

HOURS- 

16 

FAILURES- 

0 

CUM. fail. 

Sfi 


7. CUM. FAIL. 

3 

2 . 66666* / 

HOURS- 

64 

FAII.URES- 

3 

CUM. FAIL. 

m 

5 

7. CUM. FAIL. 

a 

6 . 66666 7 

HOURS- 

256 

FAILURES- 

0 

CUM. FAIL. 

m 

5 

7. CUM. FAIL. 

a 

6 . 66666*7 

HOURS- 

1000 

FA I LURES- 

4 

CUM. FAIL. 

a 

9 

7. CUM. FAIL. 

3 

12 

HOURS- 

2000 

FAILURES- 

1 

CUM. FAIL. 

3 

1 '*1 

7. CUM. FAIL. 

3 

13.33333 

HOURS— 

4000 

FAILURES- 

1 

CUM. FAIL. 

3 

11 

7. CUM. FAIL. 

a 

14.66667 


SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 0. 10271 98E+08 HOURS 


THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO ISs 

4.111973 <MEAN OF Y/XO< 5.888022 PROBITS 


ANALYSIS OF VARIANCES 

p« 90.74352 IS GREATER THAN F OF ALPHA! t, 6 )» 5.99 
THEREFORE DO NOT REJECT THE REGRESSION M3DEL 


B26 



HART TYPE: MFR. 0 741 

SCREENS 2 - 70 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATAS 


HOURS* 2 

FAILURES- 4 

CUM. FAIL.- 

4 

•/. CUM. FAIL.- 

c. •*,' ’ 

•-J C 

HOURS- S 

FAILURES- 1 

CUM. FAIL.- 

5 

•/. CUM. FAIL.- 

6 . 66666 / 

HOURS- 16 

FAILURES- 0 

CUM. FAIL.- 

5 

•/ CUM. Fail.- 

6 . 66600 7 

HOSJRS- 64 

Failures- i 

CUM. FAIL.- 

7 

/. CUM. FAIL.- 

9. 333333 

M. fail.-* 9 

•/. CUM. FAIL.- 

12 




HOURS- 1000 

FAILURES- 2 

CUM. FAIL.- 

11 

•/. CUM. FAIL.- 

14. 66.6.6.7 

HOURS- 200«; 

FAILURES- 3 

CUM. FAIL.- 

14 

7. CUM. FAIL.- 

13. 6666 7 

HOURS- 4000 

FAILURES- 1 

.: 0 M. FAIL.- 

15 

*/. CUM. FAIL.- 

20 


SAMPLE SIZE* 75 


50*/. OF ‘-'ATt.IJRES OCCUR AT 0 . 156799SE+0S HOURS 

THE 0.95 CONFIDENCE INTEHVAL FOR THE MEAN OF Y/XO IS: 

4.6.05846 <MEAN OF Y/XO< 5.394154 PROBITS 


ANALYSIS OF VARIANCES 

F» 314.6.314 IS GREATER InAN F OF ALPHAd. h )= 5.9V 
THEREFORE DO NOT RE.JECT THE REGRESSION MODEL 


B27 



PART type: MFR. D 741 

screen: 3 - 125 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS= 

2 

FAILURES* 5 

CUM 

HOURS= 

3 

FAILURES* 2 

CUM 

HOURS= 

16 

FAILURES* 0 

CUM 

HOURS= 

64 

FAILURES* 0 

CUM 

HOURS= 

256 

FAILURES* 0 

CUM 

HOURG= 

1000 

FAILURES* 0 

CUM 

H0UR3= 

2000 

FAILURES* 5 

CUM 

H0URS= 

4000 

FAILURES* 1 

CUM 

SAMPLE 

SIZE= 

75 



FAIL.* 

5 

7. 

CUM. FAIL.* 

6.666667 

fail.* 

7 

7. 

CUM. FAIL.* 

9 . 333333 

FAIL.* 

7 

7. 

CUM. FAIL.* 


FAIL.* 

7 

7. 

CUM. FAIL.* 

9 • 333333 

FAIL.* 

7 


CUM. FAIL.* 

V • 3o333o 

FAIL.* 

7 

7. 

CUM, FAIL.* 

m 333333 

FAIL.* 

12 

7. 

CUM. FAIL.- 

.. o 

FAIL.* 

13 

7. 

CUM. FAIL.* 

17, 33333 


50*/. OF FAILURES OCCUR AT 0. 7079793E+12 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.000471 <MEAN OF Y/XO< 7.999529 F'ROBITS 


ANALYSIS OF VARIANCE: 

F= 12.40021 IS GREATER THAN F OF ALPHA! 1, 6 )= 5.99 
TKEREFORE DO NOT REJECT THE REGRESSION MODEL 


B28 




*■ n 



I 


^ PARI ivpp; MFR. B 741 

■c-CRCtiN: I - NO eURN IN 
LIKE 1E'i;Ts4nDF.G r 


FAILURE DATA! 


HOURS= 

16 

FAILURES* 

3 

CUM. 

FAIL. 

m 

3 

• r 
/• 

CUM. 

KAIL. 

a 

4 

HOURS* 

04 

FAILURES* 

0 

CUM. 

KAIL. 

43 


/i 

CUM, 

PAIL. 

a 

4 

HOURS* 

256 

KA. LURES* 

1 

CUM. 

FAIL. 

S3 

4 

• f 
/• 

CUM. 

FAIL. 

a 

t 3 C' O C* 

HOURS* 

1 OOO 

FAILURES* 

1 

CUM, 

FAIL. 

=s 

5 

X 

CUM. 

FAIL. 

•a 

6* 66666/ 

HOURS* 

2000 

FAIL! .IRES* 

1 

CUM. 

FAIL. 

a 

6 

yi 

CUM. 

FAIL. 

ss 

L*> 

HOURS* 

4O00 

FAILURES* 

6 

CUM. 

FAIL. 

a 

12 

•4 

CUM. 

FAIL. 

a 

16 


EAhPLE SIZF.= 75 


50V. OK FAILURES OCCUR AT 0. 1375u2E+0'^ HUURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF V/XO IS: 

1.343378 <MEAN OF Y/XO< 8.656622 PROBITS 


ANALY’oIS OF VARIANCE: 

12.82717 IS GREATER THAN K OF ALPHAtl. 4 >« 7.71 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B29 



PART TYPE! MFR. B 741 
SCREEN ! \ - NO BURN IN 
LIFE TESTi70 DEO C 


FAILURE DATA! 


HOURS« 

16 

FAILURES- 

1 

CUM. FAIL. 

S3 

1 

V. CUM. FAIL. 


1 • oooooo 

HQURS== 

64 

FAILURES- 


CUM. FAIL. 

S3 


7. CUM. FAIL. 

=3 

4 

HOURS- 

256 

FAILURES- 

0 

CUM. FAIL. 

= 

3 

7, CUM. FAIL. 

SS 

4 

HOURS=* 

1000 

FAILURES- 

1 

CUM. FAIL. 

SB 

4 

7. CUM. FAIL. 

- 

5. 33336 J 

HOURS= 

2000 

FAILURES- 

0 

CUM. FAIL. 

xs 

4 

7. CUM. FAIL. 


5.333633 

HOURS» 

4000 

FAILURES- 

8 

LIM. FAIL. 

= 

12 

7. CUM. FAIL. 

- 

16 


SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 0. 1001S15E+0S HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF V/XO IS! 

1.54S7S5 <MEAN OF Y/XO< S. 451215 PROBITS 


ANALYSIS OF VARIANCE! 

F» 12.9295S IS GREATER THAN F OF ALPHAd, 4 )= 7.71 
TH'=-'-vEFORE DO NOT REJECT THE REGRESSION MODEL 



PART type: MFR. B 741 
SCREEN: I - NO BURN IN 
LIFE test: 125 DEG C 


FAILURE DATA: 


HOURS® 

16 

FAILURES® 3 

CUM. FAIL.® 

3 

L CUM. FAIL.® 

4 

HOURS® 

64 

FAILURES® 2 

CUM. FAIL.® 


>; CUM. FAIL.® 

6 - 00606 / 

HOURS® 

256 

FAILURES® 1 

CUM. FAIL.® 

6 

V. CUM. FAIL.® 

c* 

HOURS® 

1000 

FAILURES® 10 

CUM. FAIL.® 

16 

•/I CUM. FAIL.® 

J 1 . 63336 

HOURS® 

2000 

FAILURES® 22 

CUM. FAIL.® 

3S 

V. C:UM. FAIL.® 

w'O • 6C'6c« / 

HOURS® 

4000 

FAILURES® 23 

CUM. FAIL.® 

61 

V. CUM. FAIL.® 

6*1 , 3 63 ::'6 


SAMPLE SI2E= 75 


50V. UP FAILURES OCCUR AT 2027.921 HOURS 

me 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.220149 <MEAN OF Y/X(,K 0.779851 PROBITS 


t^NALYSIS OF VARIANCE; 

F= 17.71264 IS GREATER THAN F OF ALPHA 4 )- 7.71 
IHEREFORE 00 NOT REJECT THE REGRESSION MODEL 


B31 



PART TYPE: MFR. B 2N2222 
screen: 1 NO BURN iN 
LIFE TEST: 40 DEC C 


FAILURE DATA: 


HOURS- 

2 

FAILURES- 

13 

CUM. FAIL. 

as 

13 

V. 

CUM. FAIL. 

a 

17.33333 

HOURS- 

8 

FAILURES- 

1 

CUM. FAIL. 

8S 

14 

V. 

CUM. FAIL. 

= 

18.66667 

HOURS- 

16 

FAILURES- 

0 

CUM. FAIL. 

* 

14 

y. 

CUM. FAIL. 

a 

18. 66667 

HOURS- 

64 

FAILURES- 

0 

CUM. FAIL. 

a 

14 

X 

CUM. FAIL. 

a 

18.66667 

HOURS- 

256 

FAILURES- 

0 

CUM. FAIL. 

a 

14 

X 

CUM. FAIL. 

a 

18.66667 

HOLIRS- 

1000 

FAILURES- 

3 

CUM. FAIL. 

= 

17 

V. 

CUM. FAIL. 

a 

22.66667 

HOLIRS- 

2000 

FAILURES- 

1 

CUM. FAIL. 

= 

18 

V. 

CUM. FAIL. 

a 

24 

HOURS- 

4000 

FA I LURES- 

10 

CUM. FAIL. 

a 

23 

V. 

CUM. FAIL. 

a 

37.33333 


SAMPLE SIZE= 75 


50V. OF FAILURES OCCUR AT 0. 1274257E+09 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.380649 <MEAN OF Y/XO< 6.619351 PROBITS 


ANALYSIS OF VARIANCE: 

F» 8.735123 IS GREATER THAN F OF ALPHAd, 6 )» 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B32 


4 



PART TYPEtMFR, B 2N2222 

screen: 2 - 70 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 

*■> 

CUM. FAIL.* 

•-N 

A. 

7. CUM. FAIL.* 

2. 666667 

HOURS* 

8 

FAILURES* 

0 

CUM. FAIL.* 


7. CUM. FAIL.* 

1. 666667 

HOURS* 

16 

FAILURES* 


CUM. FAIL.* 

4 

7. CUM. FAIL.* 

t* • 363333 

HOURS* 

64 

FAILURES* 

1 

CUM. FAIL.* 

4.* 

•^1 

7. CUM. i'AIL.* 

6* 60066 7 

HOURS* 

256 

FAILURES* 

0 

CUM. FAIL.* 

5 

7. CUM. FAIL.* 

6. 6o6667 

HOURS* 

1000 

FAILURES* 

0 

CUM, FAIL.* 

S 

7. CUM. FAIL.* 

6« 60666 7 

HOURS* 

2000 

FAILURES* 

0 

CUM. FAIL.* 

5 

7. CUM. FAIL.* 

6. 666667 

HOURS* 

4000 

FAILURES* 

13 

CUM. FAIL.* 

13 

7. CUM. FAIL.* 

30. 66667 


SAMPLE SIZE* 75 


50V. OF FAILURES OCCUR AT 0. 20945S4E+OS HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF V/XO IS: 

2.141132 <MEAN OF Y/XO< 7.S5S86S PROBITS 


ANALYSIS OF VARIANCE: 

F» 8.949981 IS GREATER THAN F OF ALPHAd, 6 )* 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B33 



PART TYPE: MFR. B 2N2222 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 40 DEG C 


FAILURE DATA; 


HOURS* 


FAILURES* 7 

CUM. FAIL.* 

7 

•/. CUM. FAIL.* 

9. 333333 

HOURS* 

8 

FAILURES* 0 

CUM. FAIL.* 

7 

V. CUM. FAIL.* 

9.333333 

HOURS* 

16 

FAILURES* 0 

CUM. FAIL.* 

7 

V. CUM. FAIL.* 

9.333333 

HOURS* 

64 

FAILURES* 5 

CUM. FAIL.* 

12 

V. CUM. FAIL.* 

1 6 

HOURS* 

256 

FAILURES* 0 

CUM. FAIL.* 

12 

V. CUM. FAIL.* 

16 

HOURS* 

1000 

FAILURES* 1 

CUM. FAIL.* 

13 

V. CUM. FAIL.* 

17.33333 

HOURS* 

2000 

failures* 0 

CUM. FAIL.* 

13 

y. CUM. FAIL.* 

1 7 . 333o3 

HOURS* 

4000 

FAILURES* 11 

CUM. FAIL.* 

24 

V. CUM. FAIL.* 

32 


SAMPLE SIZE* 75 


50V. OF FAILURES OCCUR AT 8781970 HOURS 

THE U.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.760194 <MEAN OF Y/XO< 6.239806 PKUBITS 


ANALYSIS OF VARIANCE: 

F* 21.56617 IS GREATER THAN F OF ALPHA! 1, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 
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PART TYPE: MFR. B 2N2222 
SCREEN: 1 NO BURN IN 
LIFE TEST: 70 DEG C 


FAILURE DATA: 


HOURSa 


FAILURES* 3 

CUM. FAIL.* 

3 

7. CUM. FAIL.* 

4 

HOURS* 

3 

FAILURES* 0 

CUM. FAIL.* 

3 

7. CUM. FAIL.* 

4 

HOURS* 

16 

FAILURES* 2 

CUM. FAIL.* 

5 

7. CUM. FAIL.* 

6* 666667 

HOURS* 

64 

FAILURES* 3 

CUM. FAIL.* 

S 

7. CUM. FAIL.* 

10. 66667 

HOURS* 

256 

FAILURES* 0 

CUM. FAIL.* 

8 

7. CUM. FAIL.* 

10.66667 

HOURS* 

1000 

FAILURES* 0 

CUM. FAIL.* 

3 

7. CUM. FAIL.* 

10. 66667 

HOURS* 

2000 

FAILURES* 0 

CUM. FAIL.* 

8 

7. CUM. FAIL.* 

10.66667 

HOURS* 

4000 

FAILURES* 1 

CUM. FAIL.* 

9 

7. CUM. FAIL.* 

12 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0. 7810345E+10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.963839 <MEAN OF Y/XO< 7.036161 PROBITS 


ANALYSIS OF VARIANCE: 


Fa 23.90478 IS GREATER THAN F OF ALPHAd, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 



PART type: MFfL B 2N2222 
SCREEN; 2 - 70 DEG BURN IN 
LIFE test: 70 DEG C 


FAILURE data: 


HOURS* 8 

FAILURES* 1 

CUM. FAIL.* 

1 

7. CUM. FAIL.* 

1 • 333333 

HOURS* 16 

FAILURES* 0 

CUM. FAIL.* 

1 

*/. CUM. FAIL.* 

1 . 333333 

HOURS* 64 

FAILURES* 0 

CUM. FAIL.* 

1 

•/. CUM. FAIL.* 

1 • 0000^0 

HOURS* 256 

FAILURES* 0 

CUM. FAIL.* 

1 

7. CUM. FAIL.* 

1 • 333333 

HOURS* 1000 

FAILURES* 2 

CUM. FAIL.* 

3 

7. CUM. FAIL.* 

4 


SAMPLE SIZE= 75 


50*/: OF FAILURES OCCUR AT 0. 5407762E+14 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-20.1S233 <MEAN OF Y/XO< 30.18233 PROEUTS 


ANALYSIS OF VARIANCE: 

Fa 3.6184S8 IS LESS THAN F OF ALPHA! 1, 3 )= 10.13 
THEREFORE REJECT THE REGRESSION MODEL 



PART TYPE: MFR. B 2H2222 
screen: 3 - 125 DEG C BURN IN 
LIFE test: 70 DEG C 


FAILURE data: 


HOURS* 

2 

FAILURES* 

1 

CUM. FAIL. 

S 

1 

7. CUM. FAIL.* 

1 a 

HOURS* 

8 

FAILURES* 

2 

CUM. FAIL. 

s 

3 

7. CUM. FAIL.* 

4 

HOURS* 

16 

FAILURES* 

0 

CUM. FAIL. 

SS 

3 

7. CUM. FAIL.* 

4 

HOURS* 

64 

FAILURES* 

0 

CUM. FAIL. 

= 

3 

7. CUM. FAIL.* 

4 

HOURS* 

256 

FAILURES* 

0 

CUM. FAIL. 

s: 

si* 

7. CUM. FAIL.* 

4 

HOURS* 

1000 

FAILURES* 

1 

CUM. FAIL. 

s 

4 

7. CUM. FAIL.* 


HOURS* 

2000 

FAILURES* 

0 

CUM. FAIL. 

= 

4 

7. CUM. FAIL.* 


HOURS* 

4000 

FAILURES* 

7 

CUM. FAIL. 

= 

11 

7. CUM. FAIL.* 

14.66667 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0. 7399464E+10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

1.536661 <MEAN OF Y/XO< 8.463339 PROBITS 


ANALYSIS OF VARIANCE: 

F= 12.0436 IS GREATER THAN F OF ALPHA! 1, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B37 



PART type: MFR. B 2N2222 
:^CREEN: 1 NO BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS- 

2 

FAILURES- 1 

CUM. FAIL.- 

1 

y. CUM 

HOURS- 

3 

FAILURES- 0 

CUM. FAIL.- 

1 

•/. CUM 

HOURS- 

16 

FAILURES- 0 

CUM. FAIL.- 

1 

y. CUM 

HOURS- 

64 

FAILURES- 1 

CUM. FAIL.- 


y. CUM 

HOURS- 

256 

FAILURES- 0 

CUM. FAIL.- 

2 

y. CUM 

HOURS- 

1000 

FAILURES- 2 

CUM. FAIL.- 

4 

y. CUM 

HOURS- 

2000 

FAILURES- 1 

CUM. FAIL.- 

5 

y. CUM 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0.350724E+10 HOURS 


1 . 333333 

1 • 

2.66-t^667 

2.666667 
5 • >33333 

6.666667 


THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.6104 <MEAN OF Y/XO< 7.3896 PROBITS 


ANALYSIS OF VARIANCE: 

F» 45.69831 IS GREATER THAN F OF ALPHAd, 5 )« 6.61 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B38 



PART type: MfR. B 2N2222 
screen: 2 - 70 LEG C BURN IN 
LIFE TEST: 125 DEG C 


FhIUJRE data: 


HOURS* 

16. 

FAILURES* 1 

CUM. FAIL.* 

1 

•/. CUM. FAIL.* 

1 • 

HOURS--* 

64 

FAILURES* 0 

CUM. FAIL.* 

1 

7. CUM. FAIL.* 

1 . 333333 

HOURS* 

256 

FAILURES* 0 

CUM. FAIL.* 

1 

7. CUM. FAIL.* 

1 . 333333 

HOURS* 

iOOO 

FAILURES* 0 

CUM. FAIL.* 

1 

7. CUM. FAIL.* 

1 . 333333 

HOURS* 

2000 

FAILURES* 1 

CUM. FAIL.* 


'/. CUM. FAIL.* 

2 • 66*66<>7 

HOURS* 

4000 

FAILURES* 4 

CUM. FAIL.* 

6 

7. CUM, FAIL.* 

3 


SAMPLE SIZE* 75 


50*/. OF FAILURES OCCUR AT 0. 5076186E+1 1 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-7.192048 <MEAN OF Y/XO< 17.19205 PROBITS 


ANALYSIS OF VARIANCE: 

F» 3.370924 IS LESS THAN F OF ALPHAd. 4 )- 7.71 

THEREFORE REJECT the REGRESSION MODEL 
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PART type: MFR. B 2N2222 
SCREEN: 3 - 125 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS* 


FAILURES* 3 

CUM. FAIL.* 

3 

V. CUM. FAIL.® 

4 

HOURS* 

3 

FAILURES* 1 

CUM. FAIL.* 

4 

7. CUM. FAIL.® 


HOURS* 

16 

FAILURES* 1 

CUM. FAIL.* 

5 

V. CUM. FAIL.® 

6 • / 

HOURS* 

64 

FAILURES* 0 

CUM. FAIL.® 

5 

% CUM. FAIL.® 

6 • 7 

HOURS* 

256 

FAILURES* 0 

CUM. FAIL.® 

5 

V. CUM. FAIL.® 

6. 666667 

HOURS* 

1000 

FAILURES- 1 

CUM. FAIL.® 

6 

7. CL FAIL.® 

o 


SAMPLE SIZE* 75 


50V. OF FAILURES OCCUR AT 0. 72-?3213E+l6 HOUI’.S 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-2.032947 <KEAN OF Y/XO< 12.03295 PROB^^S 


ANALYSIS OF VARIANCE: 

F» 16.06927 IS GREATER THAN F OF ALPHA! 1, 4 )* 7.71 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B40 
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PART TYPGS MFR. E 2N2222 
SCREEN I 1 - NO burn IN 
LIFE TEST* 40 DEO C 


FAILURE DATA: 


HOURS- 

2 

FAILURES- 

1 

CUM 

HOURS- 

3 

FAILURES- 

0 

CUM 

HOURS- 

16 

FAILURES- 

0 

CUM 

HOURS- 

64 

FAILURES- 

1 

CUM 

HOURS- 

256 

FAILURES- 

0 

CUM 

HOURS- 

1000 

FAILURES- 

3 

CL.1 

HOURS- 

2000 

FAILURES- 


CUM 

HOURS- 

4000 

FAILLIRES- 

3 

CUM 

•SAMPLE 

SIZE- 

75 




FAIL.- 

1 

•/. 

CUM. FAIL.- 

1 . 333333 

FAIL.- 

1 

/. 

CUM. FAIL.- 

1 . 333333 

FAIL.- 

1 

•/. 

CUM. FAIL.- 

1 . 333333 

FAIL.- 

2 

7. 

CUM. FAIL.- 

2.6666 .7 

FAIL.» 

2 

7. 

CUM. FAIL.- 

2.666667 

FAIL.- 

5 

7. 

CUM. FAIL.* 


FAIL.- 

/ 

7. 

CUM. FAIL.^- 

9 « 33333 

FAIL.- 

10 

7. 

CUM. FAIL.- 

13.33333 


307. OF FAILURES OCCUR- AT 0. 2032466E+08 HOURS 

the 0.93 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS« 

3.541602 <MEAN OF Y/XC' 6.458398 PROBITS 


ANALYSIS OF VARIANCE: 

F- 49.86748 IS GREATER THAN r OF ALPHA! i. 6 )- 5.99 
THEREFORE DO K‘-)T REJECT THE REGRESSION MODEL 
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PART TYPE: MFR. E 2N2222 
SCREEN: 2 - 70 DEG C 3URN IN 
LI EE TEST: 40 DEG C 


FAILURE DATA: 


HOIJRS= 


rAILUr<hS= 1 

CUM. FAIL.* 

1 

7. 

CUM. FAIL.* 

1 • 3S333S 

HOURS= 

3 

FAILURES* 1 

CUM. FAIL.* 


7. 

CUM. FAIL.* 

2 . 666667 

HOURS- 

16 

FAILURES* 1 

CUM. FAIL.* 


•/. 

CUM. FAIL.* 

4 

HOURS= 

64 

FAILURES* 1 

CUM. FAIL.* 

4 

7. 

CUM. FAIL,* 

5 . 333333 

HOLIRS= 

256 

FAILURES* 1 

CUM. FAIL.* 

5 

7. 

CUM. FAIL.* 

6. 666667 

HOURS* 

1000 

FAILURES* 0 

CUM. FAIL.* 

5 

7. 

CUM. FAIL.* 

6. 666667 

HOURS* 

2000 

FAILURES* 0 

CUM. FAIL.* 

C| 

7. 

CUM. FAIL.* 

6 • 666667 

HOURS* 

4000 

FAILURES* 4 

CUM. FAIL.* 

9 

7. 

CUM. FAIL.* 

12 


SAMPLE SIZE= 75 


507. OF FAILURES OCCUR AT 0. 53531 93E+09 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.412396 CMEAN OF Y/XO< 6.5S7604 PROBITS 


ANALYSIS OF VARIANCE: 

F= 44.70009 IS GREATER THAN F OF ALPHA! 1, 6 )= 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 
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PART rvPEi MFR. E 2N2222 
SCRee:N:3 - 125 DEO C IN 

LIFE test: 40 DEG C 


failure data: 


HOUKS- 


FAILURES* 3 

CUM. FAIL.* 

3 

7. cun. .'AIL.* 

4 

HOURS- 

S 

FAILUFtES* 1 

CUM. FAIL.* 

4 

7. CUM. FAIL.* 

S. 333333 

HOURS* 

16 

FAILURES* 1 

CUM. FAIL.* 

5 

7. CUM. FAIL.* 

6. 666667 

HOURS- 

64 

FAILURES* 0 

CUM. FAIL.* 

5 

V; CUM. FAIL.* 

6. 66666 7 

HOURS* 

256 

FAILURES* 3 

CUM. FAIL.* 

8 

7. CUM. FAIL.* 

10. 66667 

HOURS* 

1000 

FAILURES* 2 

CUM. FAIL.* 

10 

7. CUM. FAIL.* 

13.33333 

HOURS* 

2000 

FAILURES* 0 

CUM. FAIL.* 

10 

7. CUM. FAIL.* 

1 3. 33333 

HOURS* 

4000 

FAILURES* 2 

CUM. FAIL.* 

12 

7. CUM. FAIL.* 

16 


SAMPLE SIZE- 75 


507. OF FAILURES OCCUR AT 0. 1 19834lC-^09 HOURS 

THE 0.-35 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

4.45624 <MEAN OF Y/XO< 5.54376 PROBITS 


ANALYSIS OF VARIANCE: 

F« 22P.0105 IS GREATER THAN F OF ALPHAd. 6 )« 5.99 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B43 



PART TYPE* MFR. E 2N2222 
SCREEN: I - NO BURN IN 
LIFE TEST:?*.' DEG C 


FAILURE DATA: 


HOURS* 

8 

FAILURES* 1 

CUM. FAIL.* 

1 

•/. CUM, 

FAIL.* 

1 . 333333 

HOURS* 

16 

FAILURES* 1 

CUM. FAIL.* 

4 . 

V. CUM. 

FAIL.* 

2m 666667 

HOURS* 

64 

FAILURES* 0 

CUM. FAIL.* 

2 

7. CUM. 

HAIL.* 

2 « 666667 

HOURS* 

256 

FAILURES* 2 

CUM. FAIL.* 

4 

7. CUM. 

FAIL. = 

5. 333333 

HOURS* 

1000 

FAILURES- 3 

CUM. FAIL.* 

7 

■/. CUM. 

FAIL.* 

9m 333333 


SAMPLE SIZE* 75 


50*/. OF FAILURES OCCUR AT 3331946 HOURS 

THE 0.'=>5 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.21S255 <MEAN OF Y/XO: 7.781745 PROBH^ 

ANALYSIS OF VARIANCE: 

F« 42.4155 IS GREATER THAN F OF ALPHA* 1. 3 )» 10.13 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B44 



PART type: MFR. E 2N2222 
screen: 2 - 70 DEO C BURN IN 
LIFE test: 70 DEG C 


FAILURE DATA: 


HOURS- 


FAILURES- 1 

CUM. FAIL.- 

1 

'/L CUM. FAIL.- 

1 . 333333 

HOURS- 

8 

FAILURES- 0 

CUM. FAIL.- 

1 

•/. CUM. FAIL.- 

1 . 333333 

HOURS- 

16 

FAILURES- 5 

CUM. FAIL.- 

6 

•/. CUM. FAIL.- 

S 

HOURS- 

64 

FAILURES- 0 

CUM. FAIL.- 

6 

•/. CUM. FAIL.- 

S 

HOURS- 

256 

FAILURES- 0 

CUM. FAIL.- 

6 

y. CUM. FAIL.- 

8 

HOURS- 

1000 

FAILURES- 5 

CUM. FAIL.- 

11 

X CUM, FAIL.- 

14.66667 


SAMPLE SIZE- 75 


50*/. OF FAILURES OCCUR AT 255329.8 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

2.0506.75 <MEAN OF Y/XO< 7.949325 PROBITS 


ANALYSIS OF VARIANCE: 

F» 13.2205 IS GREATER THAN F OF ALPHAd. 4 )- 7.71 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B4S 


PART type: MFR. E 2N2222 

SCREEN; 3 - 125 DEG C BURN IN 
LI PE TFST;70 deg C 


FAILURE data: 

H0LIRS= 2 FAILURES* 

HOURS* S FAILURES* 

HOURS* 16 FAILURES* 

HOURS* 64 FAILURES* 

HOURS* 256 FAILURES* 

HOURS* 1000 FAILURES* 

HOURS* 2000 FAILURES* 

SAMPLE SIZE* 75 


1 CUM. FAIL.* 1 

1 CUM. FAIL.* 2 

6 CUM. FAIL.* 8 

0 CUM. FAIL.* 3 

0 CUM. FAIL.* 8 

7 CUM. FAIL.* 15 

3 CUM. FAIL.* 18 


7. 

CUM. 

FAIL.* 

1 . 333333 

7. 

CUM. 

FAIL.* 

2. 666667 


CUM. 

FAIL.* 

10.66667 

7. 

CUM. 

FAIL.* 

10.66667 

7. 

CUM. 

FAIL.* 

10.66667 

7. 

CUM. 

FAIL.* 

20 

7 

CUM. 

FAIL.* 

24 


507. OF FAILURES OCCUR AT 63443.04 HOURS 

THE 0.S5 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

3.677836 <MEAN OF Y/XO< 6.322164 PROBITS 


ANALYSIS OF VARIANCE: 

F» 31.44068 IS GREATER THAN F OF ALPHAd, 5 )* 6.61 
THEREFORE DO NOT REJECT THE REGRESSION MODEL 


B46 



PART TYPE: MFR. E 2N2222 

screen: 2 - 70 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS* 

s 

FAILURES* 1 

CUM. FAIL.* 

1 

7. CUM. 

FAIL.* 

1 . 333360 

HOURS* 

16 

FAILURES* 2 

CUM. FAIL.* 

3 

7. CUM. 

FAIL.* 

4 

HOURS* 

64 

FAILURES* 0 

CUM. FAIL.* 


7. CUM. 

FAIL.* 

4 

riOURS* 

256 

FAILURES* 0 

CUM. FAIL.* 

6 

7. CUM. 

FAIL.* 

4 

HOURS* 

1 000 

FAILURES* 2 

CUM. FAIL.* 

5 

7. CUM. 

FAIL.* 

6. 666667 


SAMPLE :IZE= 75 


507. OF FAILURES OCCUR AT 0. 1230537E+10 HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

-5.321065 <MEAN OF Y/XO< 15.32106 PROBITS 


•^NAu .S OF VARIANCE: 

F= 6.1S5773 IS LESS THAN F OF ALPHAd. 3 )= 10. 13 
THEREFORE REJECT THE REGRESSION MODEL 


B47 



PART type: MFR. E 2N2222 
screen: 3 - 125 DEG C BURN IN 
LIFE TEST: 125 DEG C 


FAILURE DATA: 


HOURS* 

dm 

FAILURES* 

1 

CUM. 

FAIL.* 

1 

7. CUM. FAIL. 


1 . 333333 

HOURS* 

3 

FAILURES* 

4 

CUM. 

FAIL.* 

5 

7. CUM. FAIL. 


6.666667 

HOURS* 

16 

FAILURES* 

3 

CUM. 

FAIL.* 

8 

7. CUM. FAIL. 

= 

10.66667 

HOURS* 

64 

FAILURES* 

0 

CUM. 

FAIL.* 

8 

7. CUM. FAIL. 

s 

10.66667 

HOURS* 

256 

FAILURES* 

0 

CUM. 

FAIL.* 

8 

7. CUM. FAIL. 

s 

10.66667 

HOURS* 

1000 

FAILURES* 

2 

CUM. 

FAIL.* 

10 

•/; CUM. FAIL. 

3 

13.33333 


SAMPLE SIZE* 75 


507. OF FAILURES OCCUR AT 923042. S HOURS 

THE 0.95 CONFIDENCE INTERVAL FOR THE MEAN OF Y/XO IS: 

1.250765 <MEAN OF Y/XO< S. 749235 PROBITS 


ANALYSIS OF VARIANCE: 

F» 7.273718 IS LESS THAN F OF ALPHAd. 4 )» 7.71 
THEREFORE REJECT THE REGRESSION MODEL 
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C.l LIFE TEST FAILURES 

C.1.1 74LS194 (MANUFACTURER A) 


Six parts submitted to failure analysis. All retested good 
TABLE C-1 Summary of 74LS194 Failure Analysis 


Screen 1 
No Burn-In 


Screen 2 
70°C Burn-i 


40° Life Test 


4000 Hours: 
Retest Good 


70°C Life Test 

125°C Life Test 2 Hours: 

Retest Good 


8 Hours: 
Retest Good 


C.l. 2 CMOS 4069 (Manufacturer 8) 


Total 

1 Number of Failures 

416 

Number of Failures Analyzed 

17 

0 

Open Metal - Ground or VCC 

11 

0 

Channelling 

4 

0 

Kirkendall Voiding 

1 

0 

Plastic Burned 

1 


PPECFDING PAGE BLANK NOT FILMED 
C3 


Results 

Screen 3 

n 125°C Burn-In 

4000 Hours: 
Retest Good 
4000 Hours: 
Propagation 
delay, could 
not find cause. 


2000 Hours: 
Retest Good 


See Table C-2 
See Figure C-1 

See Figure C-2 
See Figure C-3 
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TABLE C-2 Sunmary of Manufacturer B CMOS 4069 Failure Ani ysis 


40®C Life Test 


70°C Life Test 


125°C Life Test 


Screen 1 

Screen 2 

No Burn-in 

70°C Burn-in 

64 Hours: 

2 Hours: 

Ground Metal 

Ground and VCC 

Burned Open 

Metal Burned 

(Figure C-1) 

Open 

<t000 Hours: 

4000 Hours: 

Channelling 

Ground Metal 
Burned Open 

1000 Hours: 

2 Hours: 

Channelling 

Ground Metal 


Burned O^en 
64 Hours; 

VCC Wire 
Burned Open 
4000 Hours 
Ground Metal 
Burned Open 

64 Hours: 

2 Hours: 

Channelling 

Ground Metal 

256 Hours: 

Burned Open 

Kirkendall Voiding 

16 Hours: 

on VCC 

Ground Metal 

■CFi^re C-2j 

Burned Open 

1000 Hours: 

4000 Hours: 

Channelling 

Ground & VCC 

4000 Hours: 

Metal Burned 

Ground Metal 
Burned Open 

Open 


Results 

Screen 3 
125°C Burn-In 

4000 Hours: 
Packcge Cracked 
Open. All leads 
vaporized 
(Figure C-3) 


4000 Hours: 
Ground Metal 
Burned Open 


C4 
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375X 


figure C-1 


CMOS 4069 (Mfr. 8) Typical Burned Ground Metallization Failure 




280X 


Figure C-2 CMOS 4069 (Mfr. 8) Klrkendall Voiding Failure 

ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 


ORIGINAL PAGE 
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D180-26784-1 



Figurt C-3 CMOS 4069 (Mfr. 8) Crkdctd Package, Leads Vaporized 
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C.1.3 CMOS 4069 (Manufacturer C) 

Total Number of Failures 

101 


Number Analyzed 

9 

(See Table C-3) 

0 Open Metal -Ground or VCC 

4 

(See Figure C-4) 

0 Channelling 

4 


0 Burned Package 

1 


TABLE C-3 Sunnary ^f CMOS 4069 (Manufacturer C) Failure Analysis Results 

Screen 1 

Screen 2 

Screen 3 

No Burn-In 

70°C Burn-In 

125°C Burn-In 

40°C Life Test 

256 Hours: 

2 Hours: 


Channelling 

VCC Metal 
Burned Open 
1000 Hours: 
Channelling 
2000 Hours: 
Ground and VCC 
Metal Migration 
(Figures C-5, 
C-6) 

;0®C Life Test 2000 Hours: 

Channelling 

125°C Life Test 256 Hours: 

256 Hours: 


Channelling 

2 Gate Inputs 
OBfc. 

1000 hours: 

VCC Mutal 
Burned Open 
(Figure C-4) 
2000 Hours: 
Plastic Burned 



k 
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ORIGINAL PAGE 

BUMX AND WHITE PHOTOGRAPH 



C-4 CMOS 4069 (Mfr C) Typical Burned Vcc Metallization Failure 


C8 
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C.1.4 Linear 741 Op Amp (Mfr. B) 


Total Number of Failures 
Number Analyzed 
0 Retest good after 

cleaning leads 
0 Burned Metal on V+ 


310 

9 (See Table C-3) 

8 

1 (See Figure C-7) 


TABLE C-4 Summary of 741 Op Amp (Manufacturer B) Failure Analysis Results 



Screen 1 

Screen 2 


No Burn-in 

70°C Burn-in 

40°C Life Test 

16 Hours: 

1000 Hours: 


Retest Good 

Retest Good, but 
Marginal Open Loop 
Gain 

2000 Hours: 

Retest Good, but 
Marginal Open Loop 
Gain 

70°C Life Test 

64 Hours: 

256 Hours: 


V+ Me cal 

Retest Good, but 


Burned Open 

Marginal Offset 


(Figure C-7) 

Voltage 

125°C Life Test 

16 Hours: 

64 Hours: 


Open Loop Gain 
Slightly Below 
Limit 

1000 Hours: 
Retest Good 
2000 Hours: 
Retest Good 

Retest Good 
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C.1.5 Linear 741 Op Amp (Mfr. 0) 

Total Number of Failures 71 

Number Analyzed 10 

0 Retest good 10 

TABLE C-5 Summary of 741 Op Amp (Manufacturer 0) Failure Analysis Results 



Screen 1 
No Burn-In 

Screen 2 
70°C Burn-In 

Screen 3 
125°C Burn-: 

40° Life Test 

2000 Hours; 
Retest Good 



70°C Life Test 


2 Hours: 
Retest Good 
256 Hours 
Retest Good 

256 Hours: 
Retest Good 

125°C Life Test 

64 Hours; 
Retest Good 
1000 Hours; 
Retest Good 

2 Hours: 
Retest Good 
2000 Hours; 
Retest Good 

2 Hours: 
Retest Good 
2000 Hours: 
Retest Good 



D180-26784-1 


C.1.6 2N2222 Transistor (Manufacturer B) 


Number Failed 
Number Analyzed 
0 Retest good 

0 Channelling 

0 Metal Migration 


115 

9 

3 

4 

1 Plastic (Figure C-8) 

1 Hermetic (Figure C-9) 


TABLE C-6 Summary of 2N2222 Transistor (Manufacturer B) Failure Analysis Results 



Screen 1 
No Burn-In 

Screen 2 
70*^C Burn-In 

Screen 3 
125°C Burn-In 

40^^ Life Test 

2 Hours: 
Retest Good 
1000 Hours: 
Channelling 


64 Hours: 
Channelling 

70°C Life Test 

2 Hours: 
Retest Good 
64 Hours 
Channelling 


1000 Hours: 
Channelling 

125°C Life Test 

1000 Hours: 
Retest Good 

2000 Hours: 

Gold Migration 
along metallization 
Hermetic Part 
(Figure C-9) 

2 Hours: 

Metal Migration 
Burned Metalliza- 
tion NearEmitter 
Bond (Figure C-8) 
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Figure C-8 2N2222 Transistor (Mfr. B) Metal Migration .nd Burned Metal 



Figure C-9 2N2222 Transistor (Mfr. B 

c; 


1 


0180-26784-1 


C.1.7 2N2222 Transistor (Manufacturer E) 


Total Number of Failures 
Number of Failures Analyzed 

0 Channelling 

0 Retest good 

0 Catastrophic 


115 

13 Plastic 
2 Hermetic 
10 Plastic 

1 Hermetic 

2 Plastic 

1 Plastic (Figure C-10) 

1 Hermetic (Figure C-11) 


TABLE C-7 Summary of 2N2222 Transistor (Manufac* i-er E) Failure Analys s Results 



Screen 1 

Screen 2 

Screen 3 


No Burn-In 

70°C Burn-In 

125®C Burn-In 

40°C Life Test 

1000 Hours: 

256 Hours: 

2 Hours: 


Channelling 

Channelling 

Channelling 
256 Hours 
(Hermetic) 
Channelling 
1000 Hours: 
(Hermetic) 
Catastrophic 
(Figure C-11) 

70°C Life Test 

1000 Hours: 

16 Hours 

16 Hours: 


Channelling 

Channelling 
1000 Hours 
Retest Good 

Channelling 
1000 Hours; 
Channelling 
2000 Hours: 
Catastrophic 
(Figure C-10) 

125°C Life Test 

16 Hours: 

1000 Hours: 

8 Hours: 


Retest Good 

Channelling 

Channelling 
16 Hours: 
Channelling 
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Figure C-10 2M2222 Trunslstor (Mfr. E) Catastrophic Failure 
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Figure C-ll 2N2222 Transistor (Mfr. £ - Hermetic Part). 
2 Megohm Base-Emitter Short 
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